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ABSTRACT 
The development of soybean [Glycine max (L.) Meir.] cultivars for natto production relies on 
the selection of seed traits that influence natto quality. The objectives of this study were to evaluate 
the relationship of 11 seed traits to six natto quality traits and to determine the effects of genotype and 
environment on the traits. Sixteen small-seeded lines and cultivars were grown in replicated tests at 
three Iowa locations during two years. The natto quality traits evaluated for each plot were water 
absorption, water loss after steaming, hardness of steamed seed and natto, and darkness of steamed 
seeds and natto. The seed traits evaluated were total sugar, free sugar, sucrose, raffmose, stachyose. 
protein, oil, fiber, protein + oil, protein + oil + fiber, and seed size. To efficiently evaluate total sugar 
content in this study, a rapid method for total sugar determination by acid hydrolysis was developed. 
Significant differences among genotypes were observed for all traits, except fiber content. There 
were significant differences between years or among locations for all traits, e.xcept water loss and 
stachyose. All seed traits, except stachyose, oil, and seed size had significant associations with natto 
quality traits. Protein + oil content was significantly correlated with natto quality traits and would be 
considered a useful selection criterion in a breeding program. There was a significant phenotypic 
correlation of -0.90 between total sugar and protein + oil. To further assess the relationship of total 
sugar content to other seed traits, 23 diverse soybean cultivars grown at eight Iowa locations in 1998 
were evaluated for total sugar, protein, oil, fiber, protein + oil. and protein + oil + fiber. Total sugar 
content was highly correlated with protein + oil (-0.81). The analysis of protein + oil by near-infi^red 
reflectance should be a usefiil predictor of total sugar content. 
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CHAPTER 1 
GENERAL INTRODUCTION 
Introduction 
Natto is a fermented soybean product consumed primarily in Japan (Taira, 1990). Nano is 
produced by the fermentation of whole or cracked soybeans that are soaked in water, steamed, and 
inoculated with Bacillus natto. The finished product is golden brown and covered with thick bands of 
a viscous polymer produced by the bacteria. The demand for a consistent supply of high quality and 
inexpensive food-grade soybeans for the natto industry has created a market for US producers. The 
development of acceptable soybean cultivars for the production of natto enables US producers to 
meet the demands of natto manufacturers. 
Research on the seed traits that are important for natto production has been limited, making it 
difficult for breeders to define useful selection criteria. A seed size of < 80 mg seed'' is commonly 
used for natto production and is the primary selection criterion used for the development of cultivars 
for this market. Cultivars are evaluated during the production of natto to determine their 
acceptability. The evaluation criteria are water absorption of the seeds after soaking, water loss of the 
seeds after steaming, hardness and darkness of the seeds after steaming, hardness and darkness of the 
seeds after fermentation, and sensory evaluation of the natto for flavor and texture (H. Hasegawa, 
1996, personal communication). Taira (1990) reviewed studies she had conducted on the relationship 
of seed traits to natto quality traits and concluded that the quality of natto was primarily associated 
with the seed traits of cultivars. 
Evaluation of natto quality traits is time consuming and would not be practical for selection in 
a cultivar development program. Indirect selection for natto quality based on more readily 
measurable seed traits would be desirable. Protein, oil, and fiber can be readily evaluated by near-
infirared reflectance (NIR) and would be desirable traits for indirect selection. Other seed traits that 
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couid be considered for indirect selection would be the free or soluble sugars of sucrose, raffinose. 
and stachyose as determined by high performance liquid chromatography, and total sugar content as 
determined by acid hydrolysis. 
Total sugar is considered to have an influence on the quality of natto and other soyfoods 
(Taira, 1990). Total sugar is not routinely measured in a breeding program, because methods 
reported in the literature are too time consuming for the evaluation of large numbers of genotypes. In 
contrast, protein, oil, and fiber can be measured for a large number of genotypes by NIR. It would be 
beneficial to determine how selection for protein and other seed traits influence total sugar content 
and if protein, oil, fiber, and seed size can be used as reliable predictors of total sugar content. 
One objective of this study was to determine the influence of genotype and environment on 
natto quality traits and the association of natto quality traits with seed traits. The second objective 
was to determine the relationship between total sugar content and other seed characteristics for 
cultivars that differed markedly in protein content and seed size. To achieve these objectives, it was 
necessary to develop a more rapid method of measuring total sugar content by acid hydrolysis. 
Literature Review 
High water absorption is an important characteristic for natto, because it is associated with 
tenderness and flavor quality of the product (Taira. 1990). Cober et al. (1997) reported significant 
differences among genotypes for water absorption in two separate sets of small-seeded genotypes 
evaluated in Canada. In the first set, seven genotypes were grown at five locations in 1989 and 1990. 
In the second set, fifteen genotypes were grown at the same five locations in 1993 and 1994. 
Significant genotype X year interactions were observed for water absorption in the first set and 
significant genotype X year and genotype X location interactions were observed for water absorption 
in the second set. They concluded that selection would be effective for water absorption because the 
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significant genotype X year and genotype X location interactions had variance components that were 
an order of magnitude smaller than the main effect of genotypes in both sets. 
Taira (1990) reported that soluble sugar content is important for the fermentation of steamed 
soybeans during the natto manufacturing process. She indicated that moderate sucrose content and 
high raffinose and stachoyse contents provide suitable conditions for natto processing. She also 
reported that raffinose and stachyose contents are mainly influenced by cultivars, while total sugar, 
free sugar, and sucrose contents are strongly influenced by the environment. 
Cartter and Hopper (1942) evaluated ten soybean genotypes for sucrose content that were 
grown at five locations in Iowa, Missouri. Illinois, Indiana, and Ohio during five years. They 
observed significant genotype, location, and year main effects, and significant genotype X year, 
genotype X location, and genotype X year X location interactions. They concluded that location and 
year had greater influences on sucrose content than genotypes in their study. Cober et al. (1997) 
observed significant differences among genotypes for free sugar content for each of two sets of small-
seeded genotypes evaluated in Canada. In the first set of genotypes, significant differences among 
genotypes were observed with no significant genotype interactions. Significant genotype X year and 
genotype X year X location interactions were observed for the second set of genotypes, but the 
variance components for the interactions were an order of magnitude smaller than that for genotypes. 
They concluded that the development of broadly adapted cultivars with desired sugar levels would be 
possible. Hymowitz et al. (1972b) studied the stability of soluble (free) sugar and individual sugar 
components for three genotypes within each of six maturity groups grown in 1970. They observed 
significant differences among genotypes for sucrose, rafHnose, or stachyose contents in five of six 
maturity groups. Few significant genotype X environment interactions were observed for total 
soluble sugar or individual sugar contents within a maturity group. They concluded that total soluble 
sugar and individual sugar contents are reasonably stable across environments and that it would be 
possible to select for soluble sugar contents among genotypes within a maturity group. 
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Cartter and Hopper (1942) studied the influences of genotype and environment on protein and 
oil contents for 10 soybean genotypes grown at five locations during five years. They observed 
significant differences among genotypes for protein and oil contents. Significant genotype X year 
interactions for protein and oil contents were observed, but no significant genotype X location 
interactions were observed within an individual year for either trait. They indicated that relative 
differences among genotypes for protein and oil contents would be stable across environments. 
Cartter and Hopper (1942) also observed differences among locations in individual years and 
suggested that climatic variation due to differences in rainfall and temperature could be responsible 
for differences among locations for protein and oil content. Cober et al. (1997) observed significant 
differences among two sets of small-seeded genotypes for oil content. A significant genotype X year 
interaction was observed for the first set of genotypes and significant genotype X year, genotype X 
location, and genotype X year X location interactions were observed for the second set of genotypes. 
Although significant interactions were observed, they indicated that selection among genotypes for oil 
content would be effective because the variance components of the interactions were at least an order 
of magnitude smaller than that of the main effect of genotypes. The negative association between 
protein and oil content has been reported in many studies. Hartwig et al. (1997) reported a correlation 
between protein and oil of -0.93 for 40 soybean genotypes grown at one location during two years. 
Hymowitz et al. (1972) reported a correlation between protein and oil of -0.63 for 60 soybean 
genotypes from six maturity groups. Lieu et al. (1997) reported a correlation of -0.5S between protein 
and oil for 10 genotypes grown in 1993. Openshaw and Hadley (1984) reported correlations of-0.80 
and -0.6S between protein and oil for two F3 populations. 
Previous studies have examined the relationship between the soluble sugars in soybean seeds 
and protein and oil contents. Cober et al. (1997) observed a significant positive phenotypic 
correlation (0.41) between soluble {free) sugar and oil content. Hartwig et al. (1997) observed 
significant negative correlations between protein and the contents of sucrose (-0.78) and raffinose 
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(-0.26). A significant positive correlation was observed between sucrose and oil contents (0.67). 
Hymowitz et ai. (1972a) studied the associations between sucrose, raffinose, and stachyose content 
and protein and oil content. Significant phenotypic correlation coefficients were observed between 
protein and sucrose content (-0.38) and stachyose content (0.41). Significant phenotypic correlation 
coefficients were observed between oil content and total soluble sugar content (0.26), sucrose content 
(0.42), raffinose content (0.36), and stachyose content (-0.41). They indicated that protein and oil 
contents would not be reliable predictors of soluble sugar content because the coefficients of 
determination were too low to explain the majority of the variation for sugar contents. Openshaw and 
Hadley (1981) reported that soluble sugar content was negatively associated with protein content 
(-0.59) and positively associated with oil content (0.40). 
Individual soluble sugar components were reported to be associated with each other. Hartwig 
et al. (1997) reported that raffinose content was significantly correlated with sucrose content (0.39). 
Hymowitz et al. (1972) reported that total soluble sugar content had a significant correlation with 
sucrose content (0.8S) and raffinose content (0.30). They also reported that sucrose was correlated 
with raffinose (0.27) and stachyose contents (-0.35) and that stachyose content was positively 
correlated with sucrose (0.27) and raffinose contents (-0.29). 
Cartter and Hopper (1942) studied the influences of genotype and environment on seed size. 
In their study, 10 soybean genotypes were grown at five locations during five years. Significant 
differences were observed among genotypes for seed size. Significant genotype X location 
interactions were not observed within individual years, although significant genotype X year 
interactions were observed. They indicated that relative rankings for seed size among genotypes 
would remain consistent across environments. Cober et al. (1997) reported that significant 
differences were observed among genotypes for the occurrence of small seeds in two sets of small-
seeded genotypes grown in Canada during two years. They observed a significant genotype X year X 
location interaction for the occurrence of small seeds in the first set of genoQ^es and significant 
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genotype X year, genotype X location, and genotype X year X location interactions in the second set 
of genotypes. They concluded that selection for seed size among genotypes would be effective 
because the variance components of the significant genotype interactions were at least an order of 
magnitude smaller than that of the main effect of genotypes in both sets. Taira (1990) indicated that 
there was an association between elevated stachyose content and small seed size in soybean. Liu et 
al. (1995) reported that seed size was not significantly associated with protein, oil. or the sum of 
protein and oil. 
Dissertation Organization 
Four additional chapters are included in this dissertation. Chapters 2 to 4 are three 
manuscripts submitted for publication in Crop Science. Chapter 2 describes the development of a 
rapid method of total sugar analysis for soybean seed. Chapter 3 is a study of the relationship of 11 
seed traits with six natto quality traits and the effects of genotype and environment on the traits. 
Chapter 4 is a study that describes the association of total sugar with other seed traits of soybean 
cultivars that differed in protein content, oil content, and seed size. General conclusions are discussed 
in Chapter 5. The three appendices contain additional data for each study. Appendix A contains the 
analyses of variance used in Chapter 2. Appendix B includes the analyses of variance used in 
Chapter 3, and the year, location, and genotype means for all characteristics studied. Appendix C 
contains the analyses of variance used in Chapter 4, and the location and genotype means for all 
characteristics in that study. 
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CHAPTER 2 
AN IMPROVED METHOD OF TOTAL SUGAR ANALYSIS FOR SOYBEAN SEED 
A paper submined to Crop Science 
Chandler W. Geater, Walter R. Fehr, Lester A. Wilson, and John F. Robyt 
Abstract 
The total sugar content of soybean [Glycine max (L.) Merr.] cultivars is important to the 
soyfood industry. The method of total sugar analysis reported in the literature is labor intensive and 
time consuming. The objective of this study was to develop a more rapid method for the 
determination of total sugar in soybean seed. The original method was modified by reducing the 
amounts of reagents used, eliminating sample filtering, reducing the number of sample dilutions, and 
increasing the rate of acid hydrolysis. There was a significant difference between the original (187 g 
kg'*) and the rapid (224 g kg*') method for the means of 10 samples with a broad range of total sugar, 
but no significant sample X method interaction was observed. The phenotypic correlation between 
the two methods for total sugar of the 10 samples was 0.91 {P < O.OS). The number of samples that 
could be analyzed in 1 day increased from 12 for the original method to 70 for the rapid method, and 
the estimated cost per sample was reduced from S5.34 to $0.92. The rapid method can be used to 
determine the relative differences among soybean samples for total sugar content. 
Introduction 
The total sugar content of soybean cultivars is important in the production of soyfoods (Taira, 
1990). A method for evaluating total sugar has been reported by the National Food Research 
Institute, Ministry of Agriculture, Forestry, and Fisheries of Japan (Society for the Study of Natto, 
1990). The procedure is used by the soyfood industry, but is too labor intensive and time consuming 
for the evaluation of a large number of genotypes in a soybean cultivar development program. The 
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objective of this study was to develop a more rapid procedure for the determination of total sugar 
content of soybean seed. 
Materials and Methods 
Original Method of Total Sugar Analysis 
The original method of total sugar analysis described in the literature was conducted in the 
following manner (Society for the Study of Natto, 1990). A 20-g sample of seed was ground with a 
Tecator Cyclotec 1093 Sample Mill. A 3-g sample of the powder was placed in a 250-mL glass 
media bottle, and 200 mL of distilled water and 20 mL of 25% (w/w) HCl were added. The bottles 
were capped with rubber-lined phenolic screw caps. The solution was mixed by shaking the bottle by 
hand for 5 s before the bottles were placed into a 100°C bath for 4 h. The bottles were removed from 
the hot water bath and cooled to room temperature in a 1 °C water bath for 20 min. A 5.5-mL aliquot 
of 40% (w/v) NaOH was added to each bottle. The bottles were capped, and the solution was mixed 
by inverting each bottle five times. The solution in each bottle was filtered through Whatman no. 4 
filter paper into a 500-mL glass filter flask. The solution in each filter flask was emptied into a 500-
mL volumetric flask and filled to 500 mL with distilled water. Each volumetric flask was capped 
with a polyethylene snap cap, and the solution was mixed by inverting the flask 25 times. To dilute 
each sample to a measurable concentration, 3 mL of each sample solution was pipetted into a 100-mL 
volumetric flask and filled to 100 mL with distilled water. The flasks were capped with polyethylene 
snap caps, and the solution was mixed by inverting the flask 25 times. The total sugar content of the 
solution was determined by the modified phenol-sulfiiric acid method described by Fox and Robyt 
(1990). A 25-^L aliquot of the test solution and 25 |xL of 5% (w/v) phenol were pipetted in triplicate 
into a 96-well general assay plate. In addition to the test samples, standards of known glucose 
concentration were placed in triplicate wells of each plate. The standards were 0 ^g mL * (distilled 
water blank), 10 ^g mL*', 30 ^g mL"', 50 ^g mL"', 70 ^g mL"', and 90 ^g mL"' of glucose. After all 
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the samples were loaded, the plate was vortexed for 30 s at a speed setting of 1 on a Fisher Scientific 
Vortex Genie 2 Mixer fitted with a Fisher Scientific Microwell Plate Insert. The plate was placed on 
crushed ice, and 125 of concentrated H2SO4 were added to each well. The plate was mixed for 30 
s at a speed setting of 1. The plate was sealed in a plastic zipper bag and wanned in a water bath at 
80°C for 30 min. Each plate was read with a Bio-Tek Instruments Model EL312e Bio-Kinetics 
Reader at 490 nm. The glucose concentration of each test sample was determined by comparing the 
absorbance of the test sample of a plot to the absorbances of the glucose standards. Total sugar 
content was expressed in grams per kilogram on a moisture-free basis and was determined by 
dividing the mean concentration of glucose (^g mL'') in a test sample by 180 ^g mL'' (the 
concentration of soybean powder in the test sample) and multiplying by 1000 g kg''. Total sugar 
content was adjusted to a moisture-free basis by dividing the total sugar content of a sample by [(100 
- moisture percentage of the sample) /100]. The mean total sugar of the triplicates for each test 
sample was used for data analysis. 
Modification of the Original Method 
The most time-consuming steps in the original method were modified to develop a more 
rapid procedure. The amounts of soybean powder and sample reagents were reduced by a factor of 
20 to decrease the amount of solid material in the final test sample, which eliminated the need for 
sample filtering. The procedure also was modified to dilute the sample to a measurable concentration 
in one dilution instead of the two dilutions used in the original method. The rate of acid hydrolysis 
was increased by autoclaving the sample solutions at I2rc rather than placing the samples in a 
I00°C water bath for 4 h. The use of autoclaving was based on the acid hydrolysis conditions for the 
conversion of cornstarch to D-glucose for com syrup production (Pancoast and Junk, 1980). 
To determine the autoclaving time required to hydrolize the maximum amount of glucose 
fi'om soybean seed, 10 samples (replicates) of the Japanese soybean cultivar Suzumaru were 
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autoclaved for 20,30, and 40 min, and the total sugar content for each time was determined. 
Suzumaru was selected for this experiment because of its wide acceptance by the natto industry in 
Japan. The data were analyzed as a completely randomized design. The analysis of variance was 
performed with the general linear models (GLM) procedure of SAS (SAS Institute, 1992). 
After the modifications of the original method had been made, the rapid method was 
conducted in the following manner. A 20-g sample of seed was ground with a Tecator 1093 Sample 
Mill. A ISO-mg sample of the powder was placed in a 16 .x I23-mm screw cap tube. A lO-mL 
aliquot of distilled water and I mL of 25% (w/w) HCI were added to each tube. The tubes were 
capped with rubber-lined phenolic screw caps and vortexed at a speed setting of 4 for 5 s with a 
Fisher Scientific Vortex Genie 2 Mixer. The tubes were autoclaved at 121°C for 20 min and cooled 
to room temperature in a I°C water bath for 5 min. A 275-jiL aliquot of 40% (w/v) NaOH was added 
to each tube. The tubes were capped, and the solution was mixed by inverting the tubes five times. 
The solution in each tube was emptied into a 300-mL volumetric flask. The flask was fllled to 500 
mL with distilled water, capped with a polyethylene snap cap, and mixed by inverting 25 times. Total 
sugar content was determined by the same modifled phenol-sulfuric acid method of Fox and Robyt 
(1990) used for the original method. Total sugar was expressed in grams per kilogram on a moisture-
free basis by dividing the mean concentration of glucose (fig mL'') in a test sample by 300 ^g mL'' 
(the concentration of soybean powder in the test sample) and multiplying by 1000 g kg''. Total sugar 
content was adjusted to a moisture-free basis by dividing the total sugar content of a sample by [(100 
- moisture percentage of the sample) /100]. 
Method Comparisons 
To compare the original and the rapid methods, a 20-g sample of Suzumaru was ground with 
a Tecator Cyclotec 1093 Sample Mill. The total sugar contents of 5 samples (replicates) of the 
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powder were determined by each method. The data were analyzed as a completely randomized 
design with the GLM procedure of SAS (SAS Institute, 1992). 
To further compare the methods, soybean genotypes were evaluated for total sugar content by 
the rapid method from various replicated yield tests grown by the Iowa State University soybean 
breeding project in 199S, 1996, and 1998. Nine samples representing one plot of each of nine 
genotypes were identified that had a broad range of total sugar contents. The samples of A95-
686004, A95-686013, '1A2023', 'IA3007', and 'Kenwood 94' were from Stuart, lA in 1995, and 
those of'IA2017', iA2027', 'IA2028', and 'IA2035' were from Griswold, lA in 1998. In addition, a 
sample of Suzumani was included in the e.\periment. A 20-g sample of each of the 10 plots was 
ground, and the powder was used for three replicates of analysis by the original and the rapid 
methods. The data were analyzed as a completely randomized design with the GLM procedure of 
SAS (SAS Institute, 1992). A phenotypic correlation analysis was made between the methods for the 
10 test samples with the correlation procedure of SAS (SAS Institute, 1992). 
Results and Discussion 
Significant differences in total sugar content were not observed among the three lengths of 
autoclaving. The mean total sugar content and standard deviation was 292 31 g kg'' for the 10 
samples autoclaved for 20 min, 314 ± 45 g kg"' for 30 min, and 307 ± 69 g kg"' for 40 min. An 
autoclaving time of 20 min was considered suitable for the new procedure. Approximately 3.5 h were 
saved by substituting autoclaving for the hot water bath in the original procedure. 
The total sugar contents obtained for Suzumani by the original and the rapid extraction 
methods were not significantly different. The mean total sugar content by the original method was 
230 ± 17 g kg"' and by the rapid method was 235 ± 15 g kg"'. The coefficient of variability (CV) was 
7% for the original method and 6% for the rapid method, which indicated that the error associated 
with the two methods was comparable. 
13 
Table I. Mean and rank of the total sugar contents of one sample for each of 10 genotypes analyzed 
by two methods. 
Genotype Source Original method Rapid method 
gkg"' Rank gkg"' Rank 
A95-686004 Stuart, IA 1995 216 2 234 5 
A95-686013 Stuart, IA 1995 212 J 253 1 
IA2017 Griswold, IA 1998 152 7 199 9 
IA2023 Stuart, lA 1995 194 6 224 6 
IA2027 Griswold, IA 1998 139 10 192 10 
IA2028 Griswold, lA 1998 151 9 208 7 
IA2035 Griswold, IA 1998 152 8 200 8 
IA3007 Stuart, IA 1995 208 4 246 
Kenwood 94 Stuart, IA 1995 197 5 243 J 
Suzumaru Japan, 1997 244 1 243 3 
Mean 187 224 
LSDO.05^ 25 42 
^ Least significant difference for comparison of entry means at the O.OS probability level. 
Significant differences between the two methods were observed when seed from one plot of 
10 genotypes was evaluated (Table 1). The mean total sugar determined by the rapid method was 
significantly greater than for the original method. The difference was attributed to greater 
hydrolization of the sugars in the seed by the rapid than by the original method. Whistler and Daniel 
(1985) reported that the rate of hydrolysis can be affected by several factors, including pH, 
temperature, and the length of acid hydrolysis. All of the samples had greater total sugar when 
analyzed by the rapid method, except for Suzumaru. It is not clear why the total sugar content of 
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Suzumaru was not affected by the method of analysis. The sample X method interaction was not 
significant, indicating that differences among samples were relatively consistent regardless of the 
method of analysis used to determine total sugar content (Table 1). The means and ranks of the 10 
samples for the two methods were significantly correlated {P < 0.01). The phenotypic correlation 
coefficient for sample means was 0.91, and the rank correlation coefficient was 0.82. The CV was 
8% for the original method and 11% for the rapid method. 
There were important differences in the analysis time and cost per sample between the two 
methods. The maximum number of samples that could be extracted and analyzed in a day by one 
person was 12 for the original method and 70 for the rapid method. The reasons that more samples 
could be analyzed by the rapid method were the reduction of the extraction time from 4 h to 20 min 
and the elimination of sample filtering. The cost of equipment for the two methods was similar 
because the same analytical instrumentation was used by both methods. With a labor cost of $8.00 an 
hour, the estimated cost per sample was $5.34 for the original method and $0.92 for the rapid method. 
The results of the study indicated that the amount of total sugar obtained from a soybean 
sample depends on the method of analysis. When soybean genotypes are compared, the seed sample 
of each should be produced in the same environment to avoid environmental effects and the same 
method of total sugar analysis should be used. When total sugar of commercial soybean grain is 
determined, the analysis procedure should be defmed. The total sugar of a sample may vary if 
laboratories do not use identical analysis procedures. 
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CHAPTER 3 
SOYBEAN SEED TRAITS INFLUENCE NATTO QUALITY 
A paper submitted for publication in Crop Science 
Chandler W. Geater, Walter R. Fehr, and Lester A. Wilson 
Abstract 
Breeding of soybean [Glycine max (L.) Merr.] cultivars suitable for natto involves selection 
for seed traits that influence the quality of the product. The objectives of the study were to evaluate 
the relationship of 11 seed traits to six natto quality traits and to assess the influence of genotype and 
environment on the traits. Sixteen small-seeded cultivars were grown in replicated tests at three Iowa 
locations during 2 yr. The natto traits evaluated for each plot were water absorption, water loss, 
hardness of steamed seeds and natto, and darkness of steamed seeds and natto; the seed traits were 
total sugar, free sugar, sucrose, rafiTmose, stachyose, protein, oil, fiber, protein + oil, protein + oil + 
fiber, and seed size. There were significant differences among genotypes during one or both years for 
all the traits, except fiber content. Significant differences between years or among locations were 
observed for all traits, except water loss after steaming and stachyose. None of the seed traits was 
significantly correlated with darkness of the steamed seeds or natto. All of the seed traits, except 
stachyose. oil, and seed size, were significantly correlated with one or more of the other natto quality 
traits. Protein + oil was significantly correlated with natto quality and other seed traits and can be a 
useful selection criterion in breeding cultivars for the natto industry. 
Introduction 
Natto is a fermented soybean product consumed primarily in Japan (Taira, 1990). A seed size 
of < 80 mg seed'' is commonly used for natto production and is a primary selection criterion in 
breeding cultivars for that market. Research on the composition of the seed that is most suitable for 
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natto has been limited, which makes it difficult for the breeder to define the limits of acceptabilit>' for 
seed traits other than size. 
The traits measured during the production of natto to assess the acceptabilit\' of a small-
seeded cultivar are water absorption of the seeds, water loss of the seeds after steaming, hardness and 
darkness of the steamed seeds, hardness and darkness of the seeds in the natto after fermentation, and 
sensory evaluation of the natto for texture and flavor (H. Hasegawa, 1996, personal communication). 
Taira (1990) reviewed studies she had conducted on the relationship of seed traits to the natto quallt\' 
traits. She indicated that high water absorption of the seed was required to obtain soft steamed seeds. 
She considered the relative amounts of the free sugars, sucrose, raffinose, and stachyose. important to 
achieve the proper rate of fermentation. Taira (1990) concluded that the quality of natto was 
primarily associated with the seed traits of cultivars. 
Significant differences among small-seeded genotypes for water absorption were reported by 
Cober et al. (1997). The year X location interaction component also was significant for water 
absorption because the relative differences among five locations in Canada were not consistent during 
2 yr. No studies have been reported on the evaluation of genotype and environmental effects on the 
other natto quality traits. 
Evaluation of natto quality traits is time consuming and would not be practical for selection 
among hundreds of genotypes in a cultivar development program, indirect selection for natto quality 
based on seed traits that are measured more readily would be desirable. Protein, oil. and fiber can be 
evaluated readily by near-infirared reflectance (NIR) and would be desirable traits for indirect 
selection if they are correlated with the natto quality traits. Other seed traits that could be considered 
for indirect selection would be total sugar as determined by acid hydrolysis and the free or soluble 
sugars of sucrose, rafifinose, and stachyose. The objectives of this study were to evaluate genotype 
and environmental effects on natto quality traits and to evaluate the relationship of seed traits to natto 
traits. 
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Materials and Methods 
Sixteen small-seeded cultivars and lines developed by Iowa State University were selected 
for the study. They were grown in a randomized complete-block design with two replications at 
Ames, Fairfield, and Stuart, lA during 1995 and 1996. The soil types were a Nicollet loam (fine-
loamy, mixed, superactive, mesic Aquic Hapludoll) at Ames, a Haig silty clay loam (fine, smectitic. 
mesic Vertic Argiaquoll) at Fairfield, and a Macksburg silty clay loam (fine, smectitic, mesic Aquic 
Argiudoll) at Stuart. In 1995, the entries were planted in two-row plots 2.8 m long with a row 
spacing of 69 cm between rows within the plot and 102 cm between rows of adjacent plots. The 
seeding rate was 33 seeds m '. In 1996, the entries were planted in four-row plots 3.7 m long with a 
row spacing of 69 cm and a seeding rate of 33 seeds m"'. The center two rows of each plot were 
harvested. The harvested seed from both years was stored at 2°C at a relative humidity of 40% until 
seed analysis could be performed. 
For analysis of the natto quality and seed traits, plots of each replication were tested 
consecutively from the lowest to the highest plot number as assigned for the randomized complete-
block design in the field tests. A sample from each plot was processed into natto by a procedure 
obtained from the Ibaraki Industrial Technology Center, Mito City, Japan (H. Hasegawa. 1996. 
personal communication). A 50-g sample of soybeans from each plot was soaked in water for 15 h at 
room temperature, during which the weight increased to greater than 220% of the original weight. 
The seeds were drained in a standard kitchen strainer for 1 min and weighed. The percentage of 
water absorption was calculated by dividing the weight of the seeds after soaking by the weight of the 
seeds before soaking and multiplying by 100. 
After the soaked seeds were weighed, the samples were placed in a Dixie Canner Equipment 
Company Model RDTT-3 Retort and steamed at 131°C for 35 min. The samples were removed and 
cooled for 30 min to room temperature, then weighed to determine the amount of water loss during 
steaming. Water loss percentage was calculated by dividing the weight of each sample after steaming 
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by the weight of the sample before steaming, multiplying by 100, and subtracting the product from 
100. 
The mean hardness of 10 individual seeds was determined after the samples had been 
weighed to determine water loss. Hardness was measured with an Instron Corporation Model 1122 
Universal Testing Machine and expressed as the ma.ximum force (g) required to break the seed. A 
seed was placed horizontally on a stationary bed below a probe with a cutting width of 0.5 mm 
attached to a 50-kg compression load cell. The probe was lowered through the seed at a constant 
speed of 10 cm min'' until the pressure was sufficient to break it. The mean hardness of the 10 seeds 
was used for data analysis. 
The mean darkness was measured for five seeds of each sample after water loss had been 
determined using a Hunter Associates Laboratory, Inc., Labscan 6100 Spectrocolorimeter. The 
instrument was standardized using white (X = 78.67. Y = 83.31, Z = 86.40) and black tiles. Few 
illuminant, 10° standard observer, and 0.635-cm port size. Darkness was expressed on a Hunter L 
scale from 0 to 100, where 0 was black and 100 was white. Each sample was placed between two 
sheets of plastic cling wrap and pressed with a 600-mL glass beaker to flatten it. The mean L value 
was used for data analysis. 
After steaming, a separate 50-g sample of steamed seeds from each plot was inoculated with 
0.5 mL of Bacillus natto starter culture provided by the Ibaraki Industrial Technology Institute, Mito 
City, Japan, packaged into a polystyrene natto container provided by Asaichiban Co.. Ltd., Tsuchiura 
City, Japan, and covered with a perforated plastic sheet provided by Asaichiban Co., Ltd. The 
containers were closed and placed in a Controlled Environments LTD. Model El 5 Growth Chamber 
for 18 h at a temperature of 39°C and a relative humidity of 90%. Following fermentation, the 
samples were refngerated at 5°C for 24 h. Each sample was evaluated for hardness and darkness by 
the same procedure described for evaluation of the two traits for steamed seeds before fermentation. 
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Total sugar content was measured by the method described by Geater et al. (2000). For 
analyses of total sugar content, 10 g of seed fn)m each plot was ground with a Tecator Cyclotec 1093 
Sample Mill. A 150-mg sample of the powder was placed in a 16 x I25-mm screw cap tube. A 10-
mL aliquot of distilled water and 1 mL of 25% (w/w) HCI were added to each tube. The tubes were 
capped with rubber-lined phenolic screw caps, vortexed at a speed setting of 4 for 5 s with a Fisher 
Scientific Vortex Genie 2 Mixer, and placed in an autoclave at 121°C for 20 min. The tubes were 
removed from the autoclave and cooled to room temperature in a 1°C water bath for 5 min. A 275-
^L aliquot of 40% (w/v) NaOH was added to each tube. The tubes were capped, and the solution was 
mixed by inverting the tubes five times. The solution in each tube was emptied into a 500-mL 
volumetric flask. The flask was filled to 500 mL with distilled water, capped with a polyethylene 
snap cap, and mixed by inverting 25 times. Total sugar content was determined by the modified 
phenol-sulfiiric acid method of Fox and Robyt (1990) and was expressed on a moisture-free basis. 
Sucrose, raffinose, and stachyose contents were determined by high performance liquid 
chromatography (HPLC) by Pioneer Hi-Bred International, Inc., Johnston, lA. For each plot. 10 g of 
seed was ground for 1 min with a Stur-Dee Health Products Mitey-Mill. A 100-mg sample of the 
powder was placed into a 16 x I25-mm screw cap tube. To each tube, 5.0 mL of melezitose internal 
standard was added. The melezitose internal standard was prepared in a ratio of 1.0 mg of 
D(+)melezitose to 1.0 mL of distilled water. The tubes were vortexed at a speed setting of 4 for 5 s 
with a Fisher Scientific Vortex Genie 2 Mixer. To each tube, 5.7 mL of HPLC-grade chloroform was 
added. The tubes were capped with rubber-lined phenolic screw caps, vortexed for 5 s, and incubated 
at room temperature for 4 h. A 100-^L aliquot of the upper layer of the tube was placed in a 16 x 
125-mm screw cap tube, and 9.9 mL of distilled water was added. The tubes were capped with 
rubber-lined phenolic screw caps and mixed by shaking for 5 s by hand. A 0.5-mL aliquot of the test 
solution was placed in a Dionex 0.5-mL vial (P/N 038010) and capped with a Dionex 0.5 mL-filter 
cap (P/N 03011). The samples were stored at 5°C before analysis. HPLC analysis was performed 
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with a Dionex Corporation DX500 High Performance Liquid Chromatographer with a Dionex Carbo 
Pac PA-1 4 X 250-mm column and a Dionex Carbo Pac PA-1 guard column with a 70:30 water to 600 
mmol sodium hydroxide mobile phase. 
Seed moisture, protein, oil, and fiber content were measured on a 100-g bulk sample of seed 
fi-om each plot with a Tecator A/B Infratech 1221 whole-grain NIR analyzer. Protein, oil. and fiber 
contents were expressed on a moisture-free basis. Seed size was based on the weight of a random 
sample of 200 seeds. 
The data were analyzed as a randomized complete-block design. Years, locations, and 
replications were considered random effects and genotypes were considered fixed effects. Analyses 
of variance were conducted for each year combined across locations, for each location combined 
across years, and for the combined locations and years. The analyses of variance were performed 
with the general linear models procedure (GLM) of SAS (SAS Institute, 1992). Phenotypic 
correlation coefficients among the traits were calculated for genotype means averaged across years 
and locations with the correlation procedure (CORR) of SAS (SAS Institute. 1992). 
Results and Discussion 
The significance of the main effects of years and locations for the natto and seed traits was 
dependent on the significance of the year X location interactions in the combined analysis of variance 
across years and locations (Table 1). There were no significant differences between years or among 
locations when the year X location interaction was significant for a trait. To more fully evaluate year 
and location effects, analyses of variance were conducted independently for each location across the 2 
yr and for each year across the three locations (Table 1). In those analyses, significant year or 
location effects were observed for all of the traits, except water loss after steaming and stachyose. 
Cober et al. (1997) reported significant year X location interactions for water absorption, oil, and free 
sugar for two sets of small-seeded geno^pes evaluated in Canada. Their year and location effects 
Table I, Significance of the mean squares for the main effects and their interactions for natto quality of 16 soybean genotypes grown 
at three Iowa locations during 2 yr. 
Years (Y) Locations (L) Genotypes (G) G x L  
Ames Fairfield Stuart Comb. 1995 1996 Comb. Y x L  1995 1996 Comb. Gx Y 1995 1996 Comb. G X Y X L 
Water absorption • ** NS' NS NS NS * *  NS ** ** NS NS * 
Water loss NS NS NS NS NS NS NS NS ** ** NS ** NS NS NS NS 
Steamed hardness NS * ** NS ** • NS « * *  * NS NS NS NS NS 
Natto hardness NS NS NS NS NS • NS NS NS NS NS NS 
Steamed darkness NS NS NS NS * NS NS * * * NS NS NS NS NS 
Natto darkness NS NS * NS NS NS NS NS * *  NS NS NS NS NS NS 
Total sugar NS NS NS NS « *  NS NS *  • *  • * ** NS NS NS NS NS 
Free sugar NS NS NS NS NS *  NS NS *  NS NS NS NS NS NS NS 
Sucrose NS NS NS NS * * *  NS *  ** * NS * NS NS *  NS 
Raffinose * * NS NS NS *  NS * *  * *  ** • « NS ** NS NS NS 
Stachyose NS NS NS NS NS NS NS NS *  • NS NS NS NS NS NS 
Protein (P) NS *  ** NS ** ** NS * *  **  ** NS * *  NS NS * 
Oil (O) * NS ** NS * *  • NS NS NS NS 
Fiber (F) ** NS *  NS ** NS NS *  NS NS NS NS NS NS NS NS 
P + O NS NS * NS ** **  NS * *  * •  * *  * *  NS **  * NS ** 
P + O + F NS NS * NS « *  ** NS NS NS NS NS NS 
Seed size • ** * NS ** NS NS NS ** NS NS * 
** Mean squares significant at the 0.05 and the 0.01 probability levels, respectively. 
^ Mean squares not significant at the 0.05 probability level. 
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were not significant when the year X location interactions were significant, except for sugar content 
in one set of genotypes. They did not analyze the effect of years at individual locations or the effect 
of locations for individual years. Geater and Fehr (2000) observed significant differences among 
eight Iowa locations during 1 yr for the protein (P), oil (O), fiber (F), P + O. and P + O + F of 23 
general-use and food-grade cultivars. Taira (1990) concluded from studies in Japan that the qualit\' of 
soybeans for natto and other Japanese processed food was primarily influenced by cultivars instead of 
environmental conditions. The relative importance of genotype and environmental effects on natto 
quality and seed traits will depend on the genotypes and environments included in the study. 
The first trait measured for determining natto quality was the percentage of water absorption 
by the seed. The main effects of years, locations, and genotypes were significant (Tables 1 and 2). 
The range among environments was 238 to 246%. The significant genotype X year interaction was 
due to major differences in the rank of some of the genotypes during the 2 yr. For e.xample. A95-
686023 had a rank of 15 in 1995 and a rank of 1 in 1996. There were genotypes that had more 
consistent rankings across the environments. IA3007 ranked between 1 and 3, and 1A2005 ranked 
between 12 and 16 in the six environments. Cober et al. (1997) observed significant differences 
among small-seeded genotypes for water absorption and significant genotype X year and genotype X 
location interactions. It should be possible to select for differences in water absorption among small-
seeded lines in a cultivar-development program, but it would be necessary to evaluate the lines in 
multiple environments to account for the genotype X environment interactions. 
There were no significant differences among environments for the percentage of water loss 
af^er steaming, but the differences among genotypes were significant (Tables 1 and 2). The range 
among environments was 10 to 12%. The percentage of water loss by the genotypes was related to 
their percentage of water absorption, with a significant phenotypic correlation (0.81) between the 
traits (Table 3). The significant correlation between the traits indicated that selection for high water 
absorption in a breeding program would be associated with greater water loss after steaming. The 
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Table 2. Mean natto quality traits for 16 soybean genotypes at three Iowa locations during 2yr. 
Water Water Steamed Nano Steamed 
Genotype absorption loss hardness hardness dariaiess Natto darkness 
% Rank % Rank g Rank o Rank L Rank L Rank 
A9S-68600I 243 5 12 3 98 8 36 13 43.1 4 42.3 
A95-686004 243 5 11 9 86 16 35 14 42.9 5 41.3 7 
A95-686006 239 14 10 11 93 14 37 11 41.6 14 40.8 14 
A95-686007 241 9 13 2 98 8 42 4 42.3 10 40.8 14 
A95-686008 241 9 10 11 110 J 39 8 42.3 10 42.2 4 
A95-686013 241 9 12 J 103 5 43 J 42.9 5 41.4 6 
A95-686022 245 3 12 J 100 6 38 9 42.4 9 40.9 10 
A95-^86023 242 8 11 9 97 11 38 9 41.3 15 41.2 9 
A95-686026 239 14 9 15 98 8 40 7 42.2 12 40.9 10 
A95-686027 244 4 12 3 96 12 41 6 42.5 7 41.3 7 
A95-686035 246 2 12 n J 94 13 37 11 40.5 16 39.3 16 
IA2005 236 16 9 15 110 •y J 49 2 42.5 7 40.9 10 
1A2023 240 13 10 11 113 1 51 1 44.1 1 40.9 10 
IA2024 241 9 10 11 112 2 42 4 41.9 13 42.3 2 
IA3007 251 1 14 1 99 7 33 16 43.6 2 41.5 5 
IA400I 243 5 12 J 93 14 34 15 43.6 2 43.5 1 
LSDO.05  ^ 5 2 10 6 1.3 1.5 
^ Least significant difference for comparison of entry means at the 0.05 probability level. 
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Table 3. Phenotypic correlation coefficients among natto quality traits of 16 soybean genotypes. 
Water 
loss 
Steamed 
hardness 
Natto 
hardness 
Steamed 
darkness 
Nano 
darkness 
Water absorption 0.81 -0.41 -0.65'* 0.09 -0.03 
Water loss -0.47 -0.51* 0.19 0.01 
Steamed hardness 0.75'* 0.18 O.I I 
Nano hardness 0.14 -0.26 
Steamed darkness 0.52' 
*, ** Correlation coefficient significant at the 0.05 and the 0.01 probability levels, respectively. 
significant genotype X year interaction reflected changes in the rank of the genotypes for water loss. 
Those genotypes that had inconsistent rankings for water loss also had inconsistent rankings across 
years for water absorption. 
Hardness of the seeds after steaming was significantly influenced by years, locations, and 
genotypes (Tables 1 and 2). The range in steamed hardness among the environments was 90 to 107 g. 
The lack of significance of genotype interactions with years or locations indicated that the differences 
in hardness among the genotypes were consistent among environments. The consistent differences 
among genotypes would facilitate selection for steamed hardness among lines in a breeding program. 
There was an inverse relationship of steamed hardness with water absorption, which indicated that 
there was a tendency for the seeds with higher water absorption to be softer than those with lower 
water absorption (Table 3). The phenotypic correlation between the two traits was relatively weak, 
and it should be possible to select independently for the two traits in a breeding program. For 
example, IA3007 had the highest water absorption, but ranked only 7 for steamed hardness (Table 2). 
IA2023 ranked 13 for water absorption and I for steamed hardness. 
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There were significant differences among locations and genotypes for hardness of the natto 
(Tables 1 and 2). The range among environments was 35 to 44 g. There were no significant 
interactions of genotypes with years and locations, the same as observed for steamed hardness. A 
significant positive correlation of 0.75 was observed between steamed and natto hardness of the 16 
genotypes (Table 3). Steamed hardness would be useful for predicting genotypic differences for nano 
hardness, but the prediction has limitations. For example, IA2023 had the highest rank for steamed 
and natto hardness; on the other hand, IA3007 ranked 7 for steamed hardness and 16 for natto 
hardness (Table 2). 
Darkness of the steamed seeds was significantly influenced by locations and genotypes 
(Tables 1 and 2). The range in L values among environments was 41.6 to 43.1. There were no 
significant interactions of genotypes with years or locations. Steamed darkness was not significantly 
associated with water absorption, water loss, steamed hardness, or natto hardness (Table 3). 
There were significant differences among locations and genotypes for natto darkness (Tables 
1 and 2). The range in L values among environments was 40.5 to 41.8. The interactions of genotypes 
with years and locations were not significant. Natto darkness was significantly correlated (0.52) with 
steamed darkness, but not the other natto quality traits (Table 3). A95-686035 ranked 16 for darkness 
of both the steamed seeds and the natto (Table 2). On the other hand, IA2023 ranked 1 for darkness 
of the steamed seeds but 10 for darkness of the natto. Color of the steamed seeds can be a useful 
predictor of natto darkness, as long as the limitations of the relationship are considered during 
selection in a breeding program. 
Significant differences among locations and genotypes were observed for total sugar (Tables 
1 and 4). The range among environments was 209 to 248 g kg '. The differences among the 
genotypes were consistent among environments as indicated by the lack of significant genotype 
interactions with years and locations. The lack of genotype X environment interactions would 
facilitate selection for total sugar among lines in a breeding program or among cultivars for 
Table 4. Mean seed traits for 16 soybean genotypes grown at three Iowa locations during 2yr. 
Genotype Total sugar Free sugar Sucrose Raiiflnose Stachyose Seed size Protein (P) Oil (O) Fiber (F) P ^ O P + O + F 
g kg'' Rank g kg'' Rank g kg'' Rank g kg'' Rank g kg'' Rank mg sd'' Rank g kg'' Rank g kg'' Rank g kg'' Rank g kg ' Rank g kg*' Rank 
A9S-68600I 244 1 128 1 76 1 6.1 5 46 10 66 13 378 13 194 7 49 10 572 14 621 14 
A9S-686004 219 13 121 10 67 12 5.3 10 49 5 59 16 398 4 188 14 52 2 587 6 639 4 
A9S-686006 233 9 127 2 71 4 5.7 7 51 1 71 8 381 9 200 4 48 13 582 8 629 8 
A95-686007 237 7 117  13 65 13 6.7 2 46 10 75 4 380 11 198 5 49 10 578 10 627 10 
A9S-686008 244 1 127 2 74 2 5.2 11 48 8 71 8 368 15 209 1 51 4 577 11 627 10 
A95-6860I3 229 II 125 6 71 4 5.5 8 49 5 79 2 387 7 203 2 47 14 590 4 637 5 
A95-686022 244 1 126 5 70 8 5.4 9 50 3 73 6 378 13 189 12 49 10 567 16 616 16 
A9S-686023 238 5 120 12 71 4 4.8 14 45 13 76 3 381 9 193 9 53 1 574 13 627 10 
A95-686026 231 10 124 7 69 9 5.1 12 50 3 64 14 391 6 192 10 50 6 583 7 634 6 
A95-686027 234 8 121 10 69 9 6.4 3 45 13 64 14 380 11 197 6 50 6 577 11 627 10 
A95-686035 228 12 124 7 71 4 6.8 1 46 10 75 4 398 4 191 11 50 6 589 5 639 4 
IA200S 216 15 105 16 57 16 4.5 16 44 16 85 1 438 2 189 12 47 14 627 1 673 1 
IA2023 216 15 116 14 63 14 4.7 15 48 8 71 8 446 1 178 18 44 16 620 2 664 2 
IA2024 219 13 116 14 61 15 5.0 13 49 5 70 11 427 3 183 15 50 6 610 3 660 3 
IA3007 238 5 123 9 72 3 5.8 6 45 13 72 7 385 8 194 7 52 2 579 9 631 7 
IA400I 243 4 127 2 69 9 6.3 4 51 1 68 12 367 16 202 3 51 4 569 15 619 15 
LSDo 05^ 9 11 8 0.7 4 4 9 4 6^ 8 9 
^ Least significant difference for comparison of entry means at the 0.05 probability level. 
^ Differences among genotypes were not significant based on an F-test. 
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commercial soybean production. Total sugar was significantly correlated (-0.62) with natto hardness, 
but not with the other natto quality traits (Table 5). A95-686001 ranked I for total sugar and 2 for 
natto darkness, but IA2024 ranked 13 for total sugar and 2 for natto darkness (Table 4). 
Free sugar was the sum of the sucrose, raffinose. and stachyose. There were significant 
differences among environments for fi-ee sugar content and each of the components, except stachyose 
(Tables 1 and 4). The range among environments was 116 to 125 g kg"' for fi^e sugar. 62 to 71 g kg"' 
for sucrose, 4.9 to 5.8 g kg"' for raffinose, and 47 to 49 g kg'' for stachyose. Significant differences 
among genotypes were observed for the four traits during at least 1 yr (Table 1). Cober et al. (1997) 
evaluated small-seeded genotypes for free sugar and observed significant main effects for years and 
genotypes and significant interactions for year X location, genotype X year, and genotype X year X 
location. Although all the phenotypic correlation coefficients in our study were not significant, 
increases in total sugar, fi«e sugar, sucrose, and raffinose tended to be associated with increases in 
water absorption, water loss after steaming, and with decreases in steamed seed and natto hardness 
(Table 5). The darkness of the steamed seed and natto was unrelated to the sugar traits. Stachyose 
was not significantly associated with any of the natto quality traits. Total sugar was positively 
correlated with free sugar and sucrose, and free sugar was positively correlated with sucrose 
(Table 6). Raffinose was positively associated with the three sugar traits, but the correlations were 
not significant (/• > 0.05). 
There were significant differences among years, locations, and genotypes for protein, oil, P + 
O, and P + O + F (Tables I and 4). Significant differences were observed among years and locations 
for fiber, but not among genoQ^s. The range among environments was 354 to 418 g kg"' for protein, 
185 to 205 g kg*' for oil, 46 to 52 g kg*' for fiber, 558 to 609 g kg"' for P + O, and 610 to 654 g kg"' 
for P + O + F. There were significant positive correlation coefficients for protein, P + O, and P + O + 
F with steamed and natto hardness and significant negative coefficients for fiber content with the two 
hardness traits (Table 5). Oil content was negatively correlated with steamed and natto hardness, but 
Table S. Phenotypic correlation coefficients among natto quality and seed traits of 16 soybean genotypes. 
Total Free Protein Oil Fiber Seed 
sugar sugar Sucrose RafTlnose Slachyose (P) (0) (F) P + O P + O + F size 
Water absorption 0.41 0.44 0.55^ 0.49 -0.17 -0.39 0.06 0.47 -0.49* -0.47 -0.24 
Water loss 0.44 0.33 0.39 0.73** -0.21 -0.44 0.18 0.25 -0.51* -0.52* -0.05 
Steamed hardness -0.31 -0.46 -0.43 -0.56* -0.10 0.58» -0.30 -0.50* 0.63 •• 0.61* 0.46 
Natto hardness -0.62» -0.69** -0.69* • -0.48 -0.16 0.75»* -0.46 -0.78** 0.79*» 0.75** 0.44 
Steamed darkness -0.02 -0.01 -0.08 -0.15 0.18 0.13 -0.15 -0.28 0.10 0.07 -0.24 
Natto darkness 0.33 0.25 0.15 -0.08 0.33 -0.28 0.30 0.29 -0.24 -0.23 -0.32 
*, •• Correlation coefficient significant at the 0.05 and the 0.01 probability levels, respectively. 
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the coefficients were not significant. Protein, oil, and fiber are measured during the same analysis by 
NIR; therefore, it would be as efHcient to use the sum of two or more of the traits for selection in a 
breeding program as to use any one of the traits individually. The phenotypic correlations indicated 
that genotypes with the greater P + O and P + O + F would have harder steamed soybeans or natto 
than those with lower values. IA2005, IA2023, and IA2024 had the highest P + O and P + O + F and 
the hardest steamed soybeans and natto (Tables 2 and 4). P + O and P + O + F were negatively 
correlated with water absorption and water loss, but there were no significant associations with 
steamed or natto darkness (Table 5). In a breeding program, selection for greater P + OorP + O + F 
would have a tendency to favor those genotypes with lower water absorption and water loss. 
There were significant negative associations of protein, P + O. and P + O + F contents with 
total sugar, free sugar, sucrose, and raf^nose contents (Table 6). The negative correlation coefficients 
of protein with total sugar, free sugar, and sucrose were similar to those for oil. Hymowitz et al. 
(1972) observed a significant negative correlation of protein with sucrose (-0.38). a significant 
positive correlation with stachyose (0.41), and no significant correlations with free sugar (-0.19) or 
raffinose (-0.24). They reported significant positive correlations of oil with free sugar (0.26). sucrose 
(0.42), and raffinose (0.36), and a significant negative correlation with stachyose (-0.41). Openshaw 
and Hadley (I98I) reported significant negative correlations of free sugar with protein (-0.59 and 
-0.50) and protein + oil (-0.39 and -0.32), and significant positive associations of free sugar with oil 
(0.40 and 0.21) in two F3 populations. Hartwig et al. (1997) reported a significant negative 
correlation of protein with raffinose (-0.26) and sucrose (-0.78), and a significant positive correlation 
(0.67) between oil and sucrose for 40 general-use genotypes. These associations have important 
implications for determining the seed components that should be measured in a breeding program. 
All the sugar measurements are more time consuming and expensive than analysis of protein, oil, and 
fiber by NIR. It would be desirable if indirect selection for sugar could be conducted by selection for 
protein, oil, or some combination of the three traits. In our study, a major percentage 
Table 6. Phenotypic correlation coefficients among seed traits of 16 soybean genotypes. 
Oil Fiber Seed 
Free sugar Sucrose Raffinose Stachyose Protein (P) (O) (F) P + O P + O + F size 
Total sugar 0.73** 0.78** 0.47 0.09 -0.90* • 0.65»* 0.46 -0.90»* -0.91 -0.12 
Free sugar 0.92** 0.44 0.49 -0.79»» 0.56* 0.33 -0.80* • -0.82»» -0.43 
Sucrose 0.42 0.12 -0.8 !•» 0.57* 0.42 -0.8 -0.82*» -0.32 
Rafllnose -0.07 -0.56» 0.41 0.21 -0.55» -0.57* -0.18 
Stachyose -0.17 0.09 -0.10 -0.18 -0.21 -0.38 
Protein -0.8 -0.58* 0.96»* 0.96»* 0.26 
Oil 0.33 -0.62* • -0.63 0.05 
Fiber -0.63 -0.54* -0.43 
P + O 0.99* • 0.37 
P + O + F 0.35 
*, ** Correlation coefficient significant at the 0.05 and the 0.01 probability levels, respectively. 
32 
of the variation in total sugar, free sugar, and sucrose was accounted for by the variation in protein. P 
+ O, and P + O + F, which indicated that any of the three traits could be used effectively for indirect 
selection. In the studies of Hymowitz et al. (1972) and Geater and Fehr (2000). the correlations of 
protein with sugar traits were not sufficiently large to make indirect selection effective. Geater and 
Fehr (2000) found that the correlation of P + O + F with total sugar (-0.69) was influenced by seed 
size and would not be as effective for indirect selection as P + O, which was not influenced by seed 
size and had a correlation of -0.81 with total sugar. The consistently high correlation between P + O 
and total sugar suggested that it should be possible to use these NIR measurements to identify 
genotypes that are most likely to have the desired sugar contents, which would appreciably reduce the 
number of sugar analyses. 
Significant differences were observed among years, locations, and genotypes for seed size 
(Tables I and 4). The range among environments was 59 to 79 g kg"'. Seed size of the genotypes 
was not signiflcantly correlated with any of the natto or seed traits (Tables 5 and 6). Selection for 
genotypes within the size range for this study would not be expected to influence the natto or seed 
traits. 
The four natto quality characteristics influenced by seed traits were water absorption, water 
loss, and hardness of the steamed soybeans and natto. None of the seed traits had an influence on the 
darkness of the steamed soybeans or natto. Additional research is needed to determine the ranges of 
water absorption, water loss, and hardness of the steamed soybeans and natto that are acceptable to 
the natto industry, and to determine the range in seed traits that can be tolerated to achieve the desired 
natto quality traits. 
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CHAPTER 4 
ASSOCIATION OF TOTAL SUGAR CONTENT WITH OTHER 
SEED TRAITS OF DIVERSE SOYBEAN CULTIVARS 
A paper submined for publication in Crop Science 
Ciiandler W. Geater and Walter R. Fehr 
Abstract 
Total sugar content of soybean [Glycine max (L.) Merr.] seeds is considered to be important 
for the quality of some soyfoods. The objective of the study was to determine the association of total 
sugar with other seed traits of soybean to facilitate the development of cultivars with appropriate seed 
composition. The total sugar, protein, oil, fiber, and seed size of 23 conventional and food-grade 
cultivars were evaluated in replicated tests at eight Iowa locations in 1998. Total sugar content was 
determined by acid hydrolysis, and protein, oil, and fiber were measured by near-infi^d reflectance 
(NIR). There were significant differences among the cultivars for all the traits. Total sugar was most 
highly correlated (-0.81) with the sum of protein + oil (P + O). Seed size had a major influence on 
the association of total sugar with protein, oil, and fiber individually. Analysis of P + O by NIR was 
not influenced by seed size and should be a useful method of predicting differences among genotypes 
for total sugar content. 
Introduction 
The total sugar content of soybean seed has an influence on the quality characteristics of 
some soyfood products. Geater et al. (2000a) reported that the hardness of natto, a fermented product 
consumed primarily in Japan, was negatively correlated with the total sugar of small-seeded cultivars 
developed for the natto industry. 
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Total sugar is not routinely measured in a soybean breeding program because the current 
methods of analysis are too time consuming for assessment of a large number of genotypes. In 
contrast, protein content can be evaluated for a large number of genotypes by near-infrared 
reflectance (NIR) and is an important selection criterion in development of food-grade cultivars. It 
would be useful to know how selection for protein and other seed traits in a breeding program 
influences total sugar and to determine if it would be possible to use other traits as an indirect 
estimate of total sugar. (Crober and Cartter (1962) reported that increases in protein were associated 
with decreases in total soluble sugar. The sum of protein + oil + fiber (P + O + F) minus 100 is used 
as an indirect estimate of total sugar content by the Grain Quality Laboratory at Iowa State University 
(C.R. Hurburgh Jr., 1999, personal communication). Geater et al. (2000a) reported that protein, the 
sum of protein + oil (P + O), and P + O + F had phenotypic correlation coefficients of -0.90 or greater 
with total sugar for 16 small-seeded genotypes. Their results indicated selection for any of the three 
traits would decrease total sugar, and that any of the traits would be useful for predicting the 
differences among genotypes for total sugar. 
The study of Geater et al. (2000a) was limited to small-seeded cultivars that were suitable for 
the production of natto, a fermented product consumed primarily in Japan. The objective of our study 
was to determine the relationship of total sugar with other seed traits for food-grade cultivars that 
differed markedly in protein and seed size to meet the requirements for a variety of soyfood products. 
Materials and Methods 
Twenty-three cultivars developed by Iowa State University were selected for the experiment. 
IA2021 was a general-use cultivar; IA20I2, IA2019, and IA2040 were large-seeded cultivars; HP204, 
Vinton 81, IA2017, IA2020, IA2034, IA2041, IA2042, and IA3011 were large-seeded, high-protein 
cultivars; IA2023, IA2024, and IA2035 were small-seeded cultivars; IA2011 was a large-seeded, 
high-protein cultivar that lacked the lipoxygenase-2 en2^e; and IA2025, IA2027, IA2028, IA2029, 
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1A2030, IA2032, and IA2033 were large-seeded, high-protein cultivars that lacked all three 
lipoxygenase enzymes. The cultivars were grown in three replications of a randomized complete-
block design at Ames, Fairfield, Grand Junction, Greene. Griswold, Kanawha, Sioux Rapids, and 
Winterset, lA. Soil types at the eight locations were a Nicollet loam (fine-loamy, mixed, superactive. 
mesic Aquic Hapludoll) at Ames and Grand Junction, a Haig silty clay loam (fine, smectitic. mesic 
Vertic Argiaquoll) at Fairfield, a Kenyon silty clay loam (fine-loamy, mixed, mesic Typic Hapludoll) 
at Greene, a Marshall silty clay loam (fine-silty, mixed, superactive, mesic Typic Hapludoll) at 
Griswold, a Webster silty clay loam (fme-loamy, mixed, superactive, mesic Typic Endoaquoll) at 
Kanawha, a Primghar silty clay loam (fine-silty, mixed, superactive, mesic Aquic Hapludoll) at Sioux 
Rapids, and a Winterset silty clay loam (fine, smectitic, mesic Typic Argiaquoll) at Winterset. The 
entries were planted in four-row plots 3.1m long with a row spacing of 69 cm and a seeding rate of 
30 seeds m''. The center two rows were harvested with a self-propelled combine. The samples for 
each replication were analyzed from the lowest to the highest plot number assigned for the 
randomized complete-block design in the field tests. 
The seed from each plot was analyzed for total sugar content by the method described by 
Geater et al. (2000b). For each plot, 10 g of seed was ground with a Tecator Cyclotec i 093 Sample 
Mill. A 150-mg sample of the powder was placed in a 16 x 125-mm screw cap tube. To each tube, 
10 mL of distilled water and 1 mL of 25% (w/w) HCl were added. The tubes were capped with 
rubber-lined phenolic screw caps, vortexed at a speed setting of 4 for 5 s using a Fisher Scientific 
Vortex Genie 2 Mixer, and placed in an autoclave at I2rc for 20 min. The tubes were removed and 
cooled to room temperature in a 1°C water bath for 5 min. To each tube, 275 nL of 40% (w/v) NaOH 
was added. The tubes were capped, and the solution was mixed by inverting the tubes five times. 
The contents of each tube were emptied into a 500-mL volumetric flask. The flask was filled to 500 
mL with distilled water, capped with a polyethylene snap cap, and mixed by inverting 25 times. The 
modified phenol-sulfiiric acid method as described by Fox and Robyt (1990) was used to analyze the 
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sugar content of the solution. A 2S-|iL aliquot of the test solution and 25 |i.L of 5% (w/v) phenol 
were pipetted in triplicate into a 96-weil general assay plate. In addition to the test samples, standards 
of known glucose concentration were placed in triplicate wells of each plate. The standards were 0 
|ig mL"' (distilled water blank), 10 jig mL"', 30 p,g mL'', 50 ^g mL"'. 70 |ig mL"'. and 90 ^g mL"' of 
glucose. After all the samples were loaded, the plate was vortexed for 30 s at a speed setting of I on a 
Fisher Scientific Vortex Genie 2 Mixer fitted with a Fisher Scientific Microweil Plate insert. The 
plate was placed on crushed ice, and 125 pL of concentrated H3SO4 was added to each well. The 
plate was mixed for 30 s at a speed setting of 1. The plate was sealed in a plastic zipper bag and 
warmed in a water bath at 80°C for 30 min. Each plate was read with a Bio-Tek Instruments Model 
EL312e Bio-Kinetics Reader at 490 nm. The glucose concentration of each test sample was 
determined by comparing the absorbance of the test sample of a plot to the absorbances of the glucose 
standards. Total sugar content in grams per kilogram was determined by dividing the mean 
concentration of glucose (^g mL'') in a test sample by 300 ^g mL* (the concentration of soybean 
powder in the test sample) and multiplying by 1000 g kg''. To adjust the total sugar content of a 
sample to a moisture-free basis, total sugar content was divided by [(100 - moisture percentage of the 
sample) /100]. The mean total sugar of the triplicates for each test sample was used for data analysis. 
Seed moisture, protein, oil, and fiber content were measured on a lOO-g bulk sample of seed 
fi-om each plot with a Tecator A/B Infratech 1221 whole-grain NIR analyzer. Protein, oil. and fiber 
contents were expressed on a moisture-fi'ee basis. Seed size was expressed in milligrams per seed and 
was based on the weight of a random sample of200 seeds. 
The data were analyzed as a randomized complete-block design. Locations and replications 
were considered random effects, and genotypes were considered fixed effects. The analysis of 
variance was performed with the general linear models (GLM) procedure of SAS (SAS Institute, 
1992). Phenotypic correlation coefficients among the traits were calculated for genotype means 
across locations with the correlation procedure (CORK) of SAS (SAS Institute, 1992). 
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Results and Discussion 
The mean total sugar at the eight locations ranged from 190 to 214 g kg '. The main effect of 
locations in the combined analysis of variance was not significant when the replications/locations 
mean squares were used in the denominator for the F-test (Table I). There were highly significant 
differences (/* < 0.01) among replications for total sugar content at five of the eight individual 
locations, which inflated the replications/locations mean squares and resulted in an underestimate of 
the significance of the differences among the location means. Geater et al. (2000a) observed 
significant differences among locations in 1 yr and a significant year X location interaction for total 
sugar of small-seeded cultivars evaluated at three Iowa locations during 2 yr. 
There were significant differences {P < 0.01) among genotypes for total sugar (Tables 1 and 
2). The range among genotypes of 184 to 219 g kg ' was greater than the range among the locations. 
These data did not agree with Taira (1990), who indicated that environment had a greater influence 
than cultivars on total sugar content. The difference in the two studies emphasized the difficulty in 
making generalizations about the relative importance of genotype and environment effects on seed 
traits. The relative importance of the two main effects will be dependent on the diversity of the 
genotypes and environments included in a study. 
The genotype X location interaction was not significant for total sugar content, which 
indicated that the differences among the genotypes were consistent across the environments (Table I). 
Geater et al. (2000a) found no significant genotype X year, genotype X location, or genotype X year 
X location interactions for total sugar of small-seeded genotypes. It should be possible to determine 
the relative performance of genotypes for total sugar content in a limited number of environments. 
There were significant differences among the cultivars for protein, oil, fiber, P + O, P + O + 
F, and seed size (Tables 1 and 2). The variation for protein, oil, and seed size was expected because 
the cultivars selected for the study were bred for differences in the three traits. 
Table I. Mean squares for the analysis of variance for seed traits of 23 soybean genotypes across eight Iowa locations in 1998. 
Sources of variation Df Total sugar Protein (P) Oil (O) Fiber (F) P + O P + O + F Seed size 
Locations 7 3953.3 4465.7** I309.9»» 50.7*» M30.7** 1363.9** 39745.6** 
Replications / Locations 16 I752.7*» I59.4** 46.0»» 3.9** 57.7 84.9* 629.0** 
Genotypes 22 2839.3*» 7257.9* • 5447.9** 155.4»* 1830.0* • I755.4** 83780.8** 
Genotype X Location 154 207.2 87.3** 20.9*» 1.5 58.6*» 65.1** 374.0** 
Error 352 186.0 55.8 10.9 1.2 37.1 46.9 100.8 
*, ** Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table 2. Mean seed traits of 23 soybean genotypes grown at eight Iowa locations in 1998. 
Genotype Total sugar Protein (P) Oil (0) Fiber (F) P + 0 P + 0 + F Seed size 
gkg"' Rank gkg"' Rank gkg '  Rank gkg'' Rank o Wo*' a Rank g kg"' Rank mg sd"' Rank 
HP204 201 12 434 16 212 13 54 15 646 16 701 18 217 14 
IA2011 203 10 420 21 221 •> J 55 9 641 19 696 19 199 19 
IA2012 211 5 424 20 213 12 53 22 637 21 690 22 273 2 
IA2017 208 7 438 11 211 15 55 9 650 11 704 14 215 16 
IA2019 211 5 413 22 222 2 53 22 634 22 688 23 270 3 
IA2020 193 14 438 11 216 8 56 6 654 8 710 7 244 4 
IA2021 219 1 404 23 229 I 59 4 633 23 693 21 174 20 
IA2023 212 4 475 1 174 22 60 •% J 650 11 709 9 79 21 
IA2024 215 3 466 3 177 21 62 1 642 18 704 14 73 23 
IA2025 191 15 447 6 215 10 54 15 662 2 715 J 237 6 
IA2027 191 15 437 14 221 3 56 6 658 5 714 5 231 7 
IA2028 191 15 431 18 218 6 57 5 649 13 706 12 225 12 
IA2029 184 23 443 9 217 7 55 9 660 4 715 3 216 15 
IA2030 191 15 434 16 214 II 55 9 648 14 703 16 223 13 
IA2032 190 19 435 15 220 5 55 9 655 7 710 7 242 5 
1A2033 187 21 440 10 216 8 56 6 657 6 713 6 230 8 
IA2034 199 13 446 7 205 20 55 9 651 10 706 12 210 17 
IA2035 216 2 475 I  171 23 62 1 646 16 708 10 75 22 
1A2040 206 8 428 19 212 13 54 15 640 20 694 20 301 1 
IA2041 186 22 453 5 211 15 54 15 664 1 718 1 204 18 
IA2042 203 to 444 8 210 17 54 15 654 8 708 10 230 8 
IA30II 188 20 455 4 207 19 54 15 662 2 716 2 226 II 
Vinton 81 206 8 438 11 210 17 54 15 647 15 702 17 227 10 
LSDQ.O}^ 8 5 3 1 4 5 11 
^ Least significant difference for the companson of entry means at the 0.05 probability level. 
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The associations between total sugar and fiber and between fiber and seed size strongly 
influenced the associations of total sugar with protein and oil. The significant phenotypic correlation 
between total sugar and fiber for the 23 genotypes of 0.49 was similar to the phenotypic correlation 
between the two traits of 0.46 obtained by Geater et al. (2000a) for 16 small-seeded genotypes (Table 
3). The phenotypic correlation between fiber and seed size for the 23 genotypes was -0.90. and the 
correlation between the traits reported by Geater et al. (2000a) was -0.43. These correlations reflect 
the interrelationship between the three traits. The percentage of seed coat and fiber increases as the 
size of seed decreases (Krober and Canter, 1962; Hurburgh et al., 1995). The fiber in the seed coat 
contains about 80% carbohydrate compared with 24% carbohydrate in whole seeds and with 30% in 
dehulled, defatted soy flour (Honig and Rackis, 1979). Some of the sugar components in the fiber of 
the seed coat are removed by acid hydrolysis and contribute to the total sugar content of the seed. 
The interrelationship of the three traits was demonstrated by the cultivars 1A2023. IA2024. and 
IA203S, which had the highest total sugar and fiber contents and the smallest seed size (Table 2). 
The phenotypic correlation between total sugar and protein for the 23 genotypes was not 
significant when the three small-seeded cultivars were included in the analysis (Table 3). When the 
small-seeded cultivars were excluded, a significant negative correlation of -0.73 was observed 
between the two traits. Geater et al. (2000a) reported a significant correlation of -0.90 between total 
sugar and protein for 16 small-seeded cultivars with a seed size that ranged fi-om 59 to 85 g kg '. 
Protein alone would not be a reliable predictor of total sugar content unless the seed size and fiber 
contents of the genotypes were similar. 
The association between total sugar and oil also was strongly influenced by the three small-
seeded cultivars. There was a significant negative correlation of -0.42 between the two traits when 
the small-seeded cultivars were included and a positive correlation of 0.23 when they were excluded 
from the analysis. A significant positive correlation between total sugar and oil of 0.65 was reported 
by Geater et al. (2000a) for small-seeded cultivars. 
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Table 3. Phenotypic correlation coefficients of seed traits among cultivars. 
P 0 F P + 0 P + O + F Seed size 
Total sugar^ -0.05 -0.42* 0.49» -0.81 •• -0.69»* -0.43* 
Total sugar* -0.73'' 023 0.09 -0.87*» -0.87* • O. l l  
Protein (P)*^ -0.87*» 0.48* 0.50* 0.66* • -0.67* • 
Protein* -0.75'* -0.40 0.9 0.86'» -0.07 
O
 
o
 
-0.69»» 
-0.01 -0.20 0.81" 
Oil* 0.61»* -0.41 -0.32 -0.17 
Fiber (F/ -0.23 0.06 -0.90'• 
Fiber -0.17 -0.01 -0.60" 
P + 0^ 0.96* • 0.05 
P + 0* 0.99»* 
-0.20 
P + O + F^ 
-0.21 
P + 0 + F^ 
-0.29 
*, ** Correlation coefficient significant at the O.OS and 0.0 i probability levels, respectively. 
* Phenotypic correlation coefficient based on the means of 23 cultivars across eight locations. 
^ Phenotypic correlation coefficient based on the means of 20 cultivars, with the three small-seeded 
cultivars excluded from the analysis. 
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P + O had the greatest association with total sugar and was not influenced by the seed size of 
the cultivars (Table 3). The phenotypic correlation between the two traits was -0.81 when the three 
small-seeded cultivars were included and -0.87 when the cultivars were excluded fi-om the analysis. 
Geater et al. (2000a) reported a phenotypic correlation of -0.90 between the two traits for small-
seeded cultivars. The correlation between total sugar and P + O F was -0.69 when the small-seeded 
cultivars were included and -0.87 when the cultivars were excluded from the analysis. 
The current methods for direct analysis of total sugar content are much less rapid than the 
analysis of protein, oil, and fiber content by NIR. For the evaluation of a large number of genotypes 
in a cultivar development program, P + O obtained by NIR analysis should serve as a useful predictor 
of total sugar content. 
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CHAPTERS 
GENERAL CONCLUSIONS 
Research on the seed traits that influence natto quality has been limited, which maices it 
difficult for the breeder to define useful selection criteria. The objectives of this study were to 
evaluate genotype and environmental effects on natto quality traits and to evaluate the relationship of 
seed traits to the natto traits. 
Significant differences among genotypes were observed for 16 of the 17 traits measured in 
this study. Significant genotype X environment interactions were due to changes in magnitude 
among genotypes rather than changes in rank for the majority of traits. The results of this study 
suggested that it would be possible to select for traits associated with natto quality in a breeding 
program. 
The natto quality traits associated with seed traits were water absorption, water loss, and 
hardness of the steamed soybeans and natto. None of the seed traits had an influence on the darkness 
of the steamed soybeans or natto. Additional research is needed to determine the ranges of water 
absorption, water loss, and hardness of the steamed soybeans and natto that are acceptable to the natto 
industry, and to determine the range in seed traits that can be tolerated to achieve the desired natto 
quality traits. It is also important to realize that sensory evaluations of taste, smell, te.xture, and 
general appearance by the natto industry are the final test of the suitability of a cultivar for natto 
production. Until seed traits are identified that are associated with sensory quality, cultivars should 
also be tested by the natto industry before being released to growers. 
Total sugar content was highly correlated with protein + oil for the 16 small-seeded 
genotypes (-0.90) and for the 23 cultivars that differed in protein content and seed size (-0.81). The 
current methods for direct analysis of total sugar content are too time consuming to be used 
effectively in a breeding program. Since protein and oil can be measured readily by near-infi^d 
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reflectance, protein + oil should be a useful predictor of total sugar content for evaluation of a large 
numbers of genotypes. 
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APPENDIX A 
DATA FOR CHAPTER 2 
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Table AI. Form of the analysis of variance for the comparison of three autoclaving times. 
Sources of variation Dft Mean squares Expected mean squares 
Times t-1 M. (T + rOx 
Error t(r-l) M, •5 O" 
t r = no. of replications and t = no. of autoclaving times. 
Table A i. 1. Analysis of variance for the comparison of three autoclaving times. 
Sources of variation Df Mean squares 
Times 2 1255.6 NSt 
Error 27 2553.8 
t Not significant at the O.OS probability level. 
Table A2. Form of the analysis of variance for the comparison of two methods of total sugar 
analysis. 
Sources of variation Dft Mean squares Expected mean squares 
Methods m-1 M: c' + reM 
Error m(r-l) M, -> (T 
t r = no. of replications and m = no. of methods. 
Table A2.1. Analysis of variance for the comparison of two methods of total sugar analysis. 
Sources of variation Df Mean squares 
Methods 1 0.6 NSt 
Error 8 2.5 
t Not significant at the O.OS probability level. 
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Table A3. Form of the analysis of variance for the comparison of 10 soybean samples using one 
method of total sugar analysis. 
Sources of variation Dff- Mean squares Expected mean squares 
Samples s-1 M: c" + r9s 
Error s(r-l) M, O" 
t r = no. of replications and s = no. of samples. 
Table A3.1. Analysis of variance for total sugar content of 10 soybean samples using the original 
method of total sugar determination. 
Sources of variation Df Mean squares 
Samples 9 
Error 20 
3779.1*» 
214.5 
** Significant at the 0.01 probability level. 
Table A3 2. Analysis of variance for total sugar content of 10 soybean samples using the rapid 
method of total sugar determination. 
Sources of variation Df Mean squares 
Samples 9 
Error 20 
I53I.9* 
610.6 
* Significant at the O.OS probability level. 
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Table A4. Form of the analysis of variance for 10 soybean samples using two methods of total sugar 
analysis. 
Sources of variation Dft Mean squares E.\pected mean squares 
Samples (s-1) M4 cr+ r6E 
Methods (m-l) M3 cr' + rGM 
Sample X Method (s-l)(m-l) M: CT' + rOEM 
Error sm(r-l) M, (T 
t r = no. of replications, m = no. of methods, and s = no. of samples. 
Table A4.1. Analysis of variance for 10 soybean samples using two methods of total sugar analysis. 
Sources of variation Df Mean squares 
Samples 9 4846.8** 
Methods I 21168.8** 
Sample X Method 9 464.2 
Error 40 412.6 
** Significant at the 0.05 probability level. 
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APPENDIX B 
DATA FOR CHAPTER 3 
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Table B1. Form of the analysis of variance for an individual location in one year. 
Sources of variation Dff Mean squares Expected mean squares 
Replications r-1 M3 Ce + go'R 
Genotypes g-1 M2 crs + rGc 
Error (r-lXg-O Mi a\ 
t r = no. of replications and g = no. of genotypes. 
Table BI. I. Mean squares for the analysis of variance for natto quality and seed traits of 16 soybean genotypes grown at Ames, IA in 1995. 
Water Water Steamed Natto Steamed Natto 
Sources of variation Df absorption loss hardness hardness darkness darkness 
Replications 1 38.3 0.1 81.3 32.0 2.5 0.1 
Genotypes 15 30.2* 6.0 301.0* 102.5 5.4 4.0 
Error 15 10.0 6.2 89.0 57.6 2.4 3.6 
CV (%) 1.3 21.3 9.2 17.4 3.7 4.6 
Table B1.1. (Continued). 
Sources of variation Df 
Total 
sugar 
Free 
sugar Sucrose Raffinose Stachoyse Seed size 
Replications 1 306.3 261.1 132.8 1.1 12.9 10.1 
Genotypes 15 179.1 291.6 149.5 2.3* 37.7 93. 
Error 15 74.7 251.8 109.0 0.8 26.8 7.7 
CV (%) 4.1 13.7 16.7 14.5 10.9 3.9 
Table BI. I. (Continued). 
Sources of variation Df Protein (P) Oil (O) Fiber (F) P + O P + O + F 
Replications 1 294.0** 47.5** 0.8 112.5* 94.5 
Genotypes 15 1301.3** 200.0** 38.6 628.6** 518.6** 
Error 15 20.1 4.9 77.3 14.0 114.1 
CV (%) 1.1 1.1 18.1 0.6 1.6 
* * *  S i g n i f i c a n t  a t  t h e  0 . 0 5  a n d  0 . 0 1  p r o b a b i l i t y  l e v e l s ,  r e s p e c t i v e l y .  
Table BI.2. Mean squares for the analysis of variance for natto quality and seed traits of 16 soybean genotypes grown at Fairfield, IA in 
1995. 
Water Water Steamed Natto Steamed Natto 
Sources of variation Df absorption loss hardness hardness darkness darkness 
Replications 1 0.2 2.6 21.1 18.0 0.8 0.1 
Genotypes 15 49.2** 9.5 241.0 119.5 0.9 3.0 
Error 15 12.0 5.9 206.3 66.7 1.4 2.8 
CV (%) 1.4 21.7 14.9 21.9 2.7 4.1 
Table BI.2. (Continued). 
Sources of variation Df 
Total 
sugar 
Free 
sugar Sucrose Rafllnose Stachoyse Seed size 
Replications 1 55.1 25.6 3.2 0.2 7.7 3.1 
Genotypes 15 360.0 214.5 90.5 2.3»* 37.4 69.5** 
Error 15 192.9 145.3 42.8 0.3 29.5 2.3 
CV (%) 6.0 9.7 9.3 9.3 II.2 2.3 
Table BI.2. (Continued). 
Sources of variation Df Protein (P) Oil (O) Fiber (F) P + O P + O + F 
Replications 1 45.1 2.0 0.8 63.3** 91,1 
Genotypes 15 1236.7** 149.2** 28.7 671.0** 673.6** 
Error 15 12.6 5.7 38.1 7.2 46.4 
CV (%) 0.9 1.2 13.3 0.5 1.1 
Significant at the 0.01 probability level. 
Table BI .3. Mean squares for the analysis of variance for natto quality and seed traits of 16 soybean genotypes grown at Stuart, lA in 1995. 
Water Water Steamed Natto Steamed Natto 
Sources of variation Df absorption loss hardness hardness darkness darkness 
Replications 1 5.0 9.1 2.0 0.5 0.1 0.2 
Genotypes 15 I34.9** 8.6' 202.1 63.1 5.4* 5.0 
Error 15 7.4 2.9 143.1 32.0 1.7 3.2 
CV (%) 1.1 16.1 13.3 16.3 3.1 4.4 
Table B1.3. (Continued). 
Sources of variation Df 
Total 
sugar 
Free 
sugar Sucrose Raffmose Stachoyse Seed size 
Replications 1 675.3** 75.0 24.2 0.1 12.4 15.1 
Genotypes 15 312.6** 99.6 96.2 1.9** 29.0* • I05.0** 
Error 15 46.6 93.6 60.3 0.2 7.0 10.9 
CV (%) 2.8 7.8 10.9 7.1 5.7 5.5 
Table BI.3. (Continued). 
Sources of variation Df Protein (P) Oil (0) Fiber (F) P + 0 P  +  O + F  
Replications 1 57.8 11.3 4.5 16.5 28.1 
Genotypes 15 15I1.8** 2I8.0** 79.5 949.7** 872.9** 
Error 15 28.9 18.9 103.2 37.3 166.4 
CV (%) 1.5 2.1 19.6 I.I 2.1 
*,*• Significant at the 0.05 and 0.01 probability levels, respectively. 
Table Bi.4. Mean squares for the analysis of variance for natto quality and seed traits of 16 soybean genotypes grown at Ames, IA in 1996. 
Water Water Steamed Natto Steamed Natto 
Sources of variation Df absorption loss hardness hardness darkness darkness 
Replications 1 6.1 2.0 87.8 28.1 0.4 6.5 
Genotypes 15 38.9 12** 215.5 m.6* 2.9 4.3 
Error 15 19.2 2.0 132.4 52.5 1.3 7.1 
CV (%) 1.8 12.2 10.7 16.3 2.7 6.4 
Table 81.4. (Continued). 
Sources of variation Df 
Total 
sugar 
Free 
sugar Sucrose Raffmose Stachoyse Seed size 
Replications 1 760.5 16.1 0.1 0.1 14.3 8.0 
Genotypes 15 308.2 219.7 146.6 \.5** 10.5 I16.7** 
Error 15 233.7 114.9 71.4 0.2 13.7 20.9 
CV (%) 6.7 9.0 12.7 9.7 7.8 6.0 
Table BI.4. (Continued). 
Sources of variation Df Protein (P) Oil (O) Fiber (F) P + O P + O + F 
Replications 1 84.5 36.1 0.1 8.0 15.1 
Genotypes 15 mij** 132.5* 30.4 648.3** 635.5** 
Error 15 81.2 39.3 38.5 87.0 147.3 
CV (%) 2.2 3.4 12.1 1.5 1.9 
Significant at the 0.05 and 0,0! probability levels, respectively. 
Table BI.S. Mean squares for the analysis of variance for natto quality and seed traits of 16 soybean genotypes grown at Fairfield, IA in 
1996. 
Water Water Steamed Natto Steamed Natto darkness 
Sources of variation Df absorption loss hardness hardness darkness 
Replications 1 1.1 3.1 0.3 42.8 0.1 20.9** 
Genotypes IS 23.2** 8.4 228.S** 99.4** 3.3 3.7 
Error IS 3.9 4.8 61.1 22.2 2.3 1.8 
CV (%) 0.8 19.8 in 11.8 3.6 3.2 
Table BI.S. (Continued). 
Total Free 
Sources of variation Df sugar sugar Sucrose Raffinose Stachoyse Seed size 
Replications 1 331.5 15.8 0.5 0.1 19.5 12.5 
Genotypes 15 432.8» 113.7 73.6 1.4* 26.6 72.0»» 
Error IS 142.1 192.6 95.0 0.5 23.0 10.5 
CV (%) S.l 11.2 13.7 13.6 10.1 4.1 
Table BI.S. (Continued). 
Sources of variation Df Protein (P) Oil (O) Fiber (F) P + O P + O + F 
Replications 1 60.S 32.0 136.1 2.0 91.1 
Genotypes IS 1010.9** 134.2** 48.6 SS0.9** 567.3** 
Error 15 155.0 22.0 71.0 64.7 76.9 
CV (%) 3.2 2.4 16.8 1.4 1.4 
* * *  S i g n i f i c a n t  a t  t h e  O . O S  a n d  0 . 0 1  p r o b a b i l i t y  l e v e l s ,  r e s p e c t i v e l y .  
Table Bl .6. Mean squares for the analysis of variance for natio quality and seed traits of 16 soybean genotypes grown at Stuart, IA in 1996. 
Sources of variation Df 
Water 
absorption 
Water 
loss 
Steamed 
hardness 
Natto 
hardness 
Steamed 
darkness 
Natto 
darkness 
Replications 1 17.7 0.6 4.5 52.5 1.2 2.0 
Genotypes 15 36.4 5.1 252.0 66.5 4.5 6.3 
Error 15 18.4 4.5 176.5 32.1 3.4 3.8 
CV (%) 1.8 19.1 13.2 14.6 4.3 4.7 
Table 81.6. (Continued). 
Sources of variation Df 
Total 
sugar 
Free 
sugar Sucrose Raffinose Stachoyse Seed size 
Replications 1 1485.1* 19.5 2.7 0.4 4.7 175.8* 
Genotypes 15 297.6 365.7 165.2 0.6 45.0 136.0** 
Error 15 277.8 180.3 113.2 0.7 37.6 38.0 
CV (%) 7.0 10.9 15.3 15.7 12.6 8.1 
Table B1.6. (Continued). 
Sources of variation Df Protein (P) Oil (O) Fiber (F) P + O P + O + F 
Replications 1 215.3* 1.5 18.0 180.5* 294.0 
Genotypes 15 1318.9** 135.8** 69.2 835.6** 668.4** 
Error 15 45.9 11.3 87.3 35.1 107.4 
CV (%) 1.7 1.8 19.4 1.0 1.6 
*,** Signiflcant at the O.OS and 0.01 probability levels, respectively. 
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Table B2. Form of the analysis of variance for a single location across years. 
Sources of variation Dft Mean squares Expected mean squares 
Years y-l M5 0% + gT'lUY + rgCT-y 
RepI icationsAfears y(r-i) M4 gtJ'RA' 
Genotypes g-1 Mj 0% + rcTcY + ry0G 
Genotype X Year (g-iXy-1) M: 0% + ro'cY 
Error y(r-lXg-l) M, 
t y = no. of years, r = no. of replications, and g = no. of genotypes. 
Table B2.I, Mean squares for the analysis of variance for natto quality and seed traits of 16 soybean genotypes grown in Ames, IA in I99S 
and 1996. 
Water Water Steamed Natto Steamed Natto 
Sources of variation Df absorption loss hardness hardness darkness darkness 
Years 1 498.4* 0.3 361.0 14.1 20.0 1.7 
Replications/Years 2 22.2 1.0 84.5 30.1 1.5 3.3 
Genotypes IS 52.4* 9.3 302.2 176.3* 6.3* 4.1 
Genotype X Year 15 16.8 3.9 214.3 54.8 1.9 4.2 
Error 30 14.6 4.1 110.7 55.0 1.8 5.4 
CV (%) 1.6 17.4 10.0 16.9 3.0 5.6 
Table B2.1. (Continued). 
Total Free 
Sources of variation Df sugar sugar Sucrose Raffinose Stachoyse Seed size 
Years 1 6380.0 152.8 276.8 25.6* 0.6 297.6* 
ReplicationsA' ears 2 533.4* 138.6 66.4 0.6 13.6 9.1 
Genotypes 15 351.4* 385.0* 234.6** 3.2** 27.4 177.9** 
Genotype X Year 15 135.9 126.2 61.5 0.5 20.9 32.0* 
Error 30 154.2 183.4 90.2 0.5 20.3 14.3 
CV (%) 5.7 11.5 14.7 12.9 9.5 5.1 
Table 82,1. (Continued). 
Sources of variation Df Protein (P) Oil (O) Fiber (F) P + O P + O + F 
Years 1 922.6 3122.0* 118.3** 650.3 213.9 
RepI ications/Y ears 2 189.3* 41.8 0.5 60.3 54.8 
Genotypes 15 2356.1** 299.6** 23.3 1228.4** 1084.8** 
Genotype X Year 15 42.9 32.9 42.7 48.4 69.2 
Error 30 50.6 22.1 57.9 50.5 130.7 
CV (%) 1.7 2.5 15.2 1.2 1.7 
Significant at the O.OS and 0.01 probability levels, respectively. 
Table B2.2. Mean squares for the analysis of variance for natto quality and seed traits of 16 soybean genotypes grown in Fairfleld, IA in 
l99Sand 1996. 
Water Water Steamed Natto Steamed Natto 
Sources of variation Df absorption loss hardness hardness darkness darkness 
Years 1 422.3»* 0.1 489.5» 47.3 7.1 15.4 
Replications/Y ears 2 0.7 2.8 10.7 30.4 0.4 10.5* 
Genotypes 15 55.7* 12.2 337.3* 188.7** 2.6 4.5 
Genotype X Year 15 16.6» 5.7 132.3 30.2 1.6 2.2 
Error 30 8.0 5.3 133.7 44.0 1.8 2.3 
CV (%) 1.2 20.7 11.6 17.4 3.2 3.7 
Table B2.2. (Continued). 
Total Free 
Sources of variation Df sugar sugar Sucrose Raffmose Stachoyse Seed size 
Years 1 21.4 4.5 7.2 3.2* 9.1 2401.0** 
RepI icat ions/Y ears 2 193.3 20.7 1.8 0.2 13.6 7.8 
Genotypes 15 639.4** 197.1 111.4 2.7* 40.3 117.6** 
Genotype X Year 15 153.3 131.1 52.6 1.0* 23.7 23.9** 
Error 30 167.5 169.0 68.9 0.4 26.3 6.4 
CV (%) 5.5 10.4 11.7 11.5 10.7 3.5 
Table B2.2. (Continued). 
Sources of variation Df Protein (P) Oil (O) Fiber (F) P + O P + O + F 
Years 1 1406.3* 225.0 236.4 511.9 1425.1 
Replications/Years 2 52.8 17.0 68.5 32.6 91.1 
Genotypes 15 2064.5** 259.5** 49.1 1115.1** 1116.8** 
Genotype X Year 15 183. 23.9 28.1 106.9** 124.1 
Error 30 83.8 13.9 54.6 35.9 61.7 
CV (%) 2.4 1.9 15.3 1.0 1.2 
Significant at the 0.05 and O.Ol probability levels, respectively. 
Table B2.3. Mean squares for the analysis of variance for natto quality and seed traits of 16 soybean genotypes grown in Stuart, lA in I99S 
and 1996. 
Water Water Steamed Natto Steamed Natto 
Sources of variation Df absorption loss hardness hardness darkness darkness 
Years I 103.0 5.9 1892.3** 276.4 8.2 25.0* 
Replications/Y ears 2 11.3 4.9 3.3 26.5 0.6 I . I  
Genotypes 15 96.3 6.9 358.5** 44.4 5.9 8.3* 
Genotype X Year 15 75.0** 6.8 95.7 85.2* 4.0 2.9 
Error 30 12.9 3.7 159.8 32.0 2.6 3.5 
CV (%) 1.5 17.8 13.2 15.4 3.8 4.6 
Table B2.3. (Continued). 
Total Free 
Sources of variation Df sugar sugar Sucrose RafTinose Stachoyse Seed size 
Years 1 968.8 0.1 49.9 3.4 84.4 4539.4* 
Replications/Y ears 2 I080.2** 47.3 13.4 0.2 8.5 95.5* 
Genotypes 15 185.8** 248.7 149.9 1.7 44.2 211.9** 
Genotype X Year 15 124.4 216.7 II 1.5 0.8 29.8 29.1 
Error 30 162.2 137.0 86.8 0.4 22.3 24.4 
CV (%) 5.2 9.5 13.3 11.9 9.9 7.3 
Table B2.3. (Continued). 
Sources of variation Df Protein (P) Oil (O) Fiber (F) P + O P + O + F 
Years I 29929.0** 5961.6** 210.3* 9192.0* 6662.6* 
ReplicationsA' ears 2 136.5* 6.4 11.3 98.5 161.1 
Genotypes 15 2621.6** 315.1** 78.8 1638.9** 1334.8** 
Genotype X Year 15 203.\** 38.8* 69.9 146.4** 206.5 
Error 30 31A 15.1 95.3 36.2 136.9 
CV (%) 1.6 2.0 19.5 1.1 1.9 
*,** Significant at the O.OS and 0.01 probability levels, respectively. 
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Table B3. Form of the analysis of variance for multiple locations in one year. 
Sources of variation Dff Mean squares Expected mean squares 
Locations e-1 Ms CT'e + g<J-R/L + rgcr-L 
Rep 1 ications/Locations e(r-l) M4 + gCT^ R/L 
Genotypes g-1 M3 a% + ra^GL + re0G 
Genotype X Location (g-lXe-1) M2 + ra'cL 
Error e(r-lKg-I) M, 0% 
t e = no. of locations, r = no. of replications, and g = no. of genotypes. 
Table B3.1. Mean squares for the analysis of variance for natto quality and seed traits of 16 soybean genotypes grown in 1995. 
Water Water Steamed Natto Steamed Natto 
Sources of variation Df absorption loss hardness hardness darkness darkness 
Locations 2 5S9.6** I I . 1  1244.9** 665.2** 16.6* 7.6** 
Replications/Locations 3 14.5 3.9 34.8 16.8 1.1 0.1 
Genotypes 15 146.9* • 14.3** 577.4** 176.8** 6.6* 4.6 
Genotype X Locations 30 33.7*» 4.9 83.4 54.2 2.6 3.7 
Error 45 9.8 5.0 146.1 52.1 1.8 3.2 
CV (%) 1.3 20.0 12.5 18.8 3.2 4.4 
Table B3.I. (Continued). 
Total Free 
Sources of variation Df sugar sugar Sucrose Raffinose Stachoyse Seed size 
Locations 2 11935.4** 721.3 743.1* 0.8 28.6 1138.8** 
RepI ications/Locations 3 345.6* 120.6 53.4 0.5 11.0 9.5 
Genotypes 15 595.5** 305.4* 206.0** 4.4** 58.0* 232.6** 
Genotype X Location 30 128.1 150.1 65.1 1.0** 23.1 17.5** 
Error 45 104.7 163.6 70.7 0.4 21.1 6.9 
CV (%) 4.5 10.5 12.4 10.9 9.7 4.0 
Table B3.I. (Continued). 
Sources of variation Df Protein (P) Oil (0) Fiber (F) P + 0 P + O + F 
Locations 2 25558.6** 641.4** 252.8** 20375.0** 18262.9** 
Replications/Locations 3 132.3** 20.3 2.0 64.1* 71.3 
Genotypes 15 3913.1** 510.8** 41.0 2133.2** 1819.5** 
Genotype X Location 30 68.3** 28.2** 52.9 58.1** 122.8 
Error 45 20.5 9.9 72.9 19.5 108.9 
CV (%) 1.2 1.6 17.5 0.8 1.7 
* * *  S i g n i f i c a n t  a t  t h e  O . O S  a n d  0 . 0 1  p r o b a b i l i t y  l e v e l s ,  r e s p e c t i v e l y .  
Table B3.2. Mean squares for the analysis of variance for natto quality and seed traits of 16 soybean genotypes grown in 1996. 
Water Water Steamed Natto Steamed Natto 
Sources of variation Df absorption loss hardness hardness darkness darkness 
Locations 2 54.0 1.9 362.6* 330.3 2.4 0.1 
Replications/Locations 3 8.3 1.9 30.9 41.1 0.6 9.8 
Genotypes 15 67.9** I4.5** 362.5* 190.2** 6.8** 9.7** 
Genotype X Locations 30 15.3 3.1 166.7 52.1 1.9 2.3 
Error 45 13.8 3.8 123.3 35.2 2.3 4.2 
CV (%) 1.5 17.3 10.7 14.6 3.6 4.9 
Table B3.2. (Continued). 
Total Free 
Sources of variation Df sugar sugar Sucrose Raffinose Stachoyse Seed size 
Locations 2 597.6 252.5* 164.7** 3.1* 15.8 79.6 
Replications/Locations 3 859.1* 17.2 1.1 0.2 12.8 65.4* 
Genotypes 15 789. 348.8 194.6* 2.7** 42.9* 272.5** 
Genotype X Location 30 124.8 175.2 95.4 0.4 19.6 26.1 
Enor 45 217.9 162.6 93.2 0.5 24.8 23.1 
CV (%) 6.3 10.4 14.0 13.5 10.4 6.3 
Table B3.2. (Continued). 
Sources of variation Df Protein (P) Oil (O) Fiber (F) P + O P + O + F 
Locations 2 5358.6»* 563. !• 76.3 3608.4** 4617.6** 
Replications/Locations 3 120.1 23.2 51.4 63.5 133.4 
Genotypes 15 3I17.3*» 364.4** 50.6 1786.5** 1545.5** 
Genotype X Location 30 155.1 19.0 48.8 124.1* 162.8 
Error 45 94.0 24.2 65.6 62.3 110.5 
CV (%) 2.4 2.6 16.2 1.3 1.6 
Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table B4. Analysis of variance combined across years and locations. 
Sources of variation Dft Mean squares Expected mean squares 
Years (Y) y-1 M9 o'e + go'RAi. + rgCT-vL + rego'v 
Locations (L) e-1 Mg + ga-Rm. + rgc V + 
Y x L  (y-IXe-1) M7 CT% + gCT'RAT. + rgCr VL 
Replications / (YxL) ye(r-l) CT'e + gd'lWL 
Genotypes (G) g-1 M5 (Tc + ra^cYL + ryo'GL + rea'cY + ryeGo 
G x Y  (g-iKy-1) Ml <J"e rcT'oYL reo'oY 
G xL (g-lXe-l) M3 + ra'cYL + ryo-GL 
G X Y xL (g-iXy-iXe-1) M2 CT'e + TCT'OYL 
Error ye(r-lXg-l) M, 'i CT"e 
t y = no. of years, e = no. of locations, r = no. of replications, and g = no. of genotypes. 
Table B4.1. Mean squares for the analysis of variance for natto quality and seed traits of 16 soybean genotypes grown at three Iowa 
locations in I99S and 1996. 
Water Water Steamed Natto Steamed Natto 
Sources of variation Df absorption loss hardness hardness darkness darkness 
Years 1 23.4 0.9 2387.1 247.5 7.3 34.8 
Locations 2 143.5 10.3 1429.7 950.4* 4.9 4.1 
Year X Location 2 500.2»» 2.7 177.8^ 45.1 14.1* 3.6 
Replications / Year X Location 6 n.4 2.9 32.8 29.0 0.8 4.9 
Genotypes 15 150.6 19.1 721.8* 297. I** 10.3* 10.1 
Genotype X Year 15 64.3*» 9.7** 218.2 70.0 3.1 4.2 
Genotype X Location 30 26.9 4.7 138.1 56.2 2.3 3.4 
Genotype X Year X Location 30 22.0* 3.3 112.0 50.1 2.2 2.6 
Error 90 11.8 4.4 134.7 43.7 2.1 3.7 
CV (%) 1.4 18.7 11.6 16.7 3.4 4.7 
Table B4.1. (Continued). 
Total Free 
Sources of variation Df sugar sugar Sucrose Rafflnose Stachoyse Seed size 
Years 1 949.6 36.9 50.1 25.2 16.2 5951.9 
Locations 2 9622.8 913.6 766.0 0.4 5.4 575.4 
Year X Location 2 3210.3* 60.2 141.9* 3.5** 39.0 643.0** 
Replications / Year X Location 6 602,3** 68.9 27.2 0.3 11.9 37.4* 
Genotypes 15 1230.2** 424.8 283.6 6.1** 70.1 473.7** 
Genotype X Year 15 154.4 229.4 117.0* 1.0 30.7 31.3 
Genotype X Location 30 123.3 203.0 106.2* 0.7 20.9 16.8 
Genotype X Year X Location 30 129.6 122.3 54.4 0.7 21.8 26.8* 
Error 90 161.3 163.1 82.0 0.5 22.9 15.0 
CV (%) 5.5 10.5 13.2 12.1 10.1 5.4 
Table B4.1. (Continued). 
Sources of variation Df Protein (P) Oil (O) Fiber (F) P + O P + O + F 
Years 1 19340.3 7313.7 46.0 2883.0 3657.5 
Locations 2 24458.4 204.1 69.7 20247.8 20558.4 
Year X Location 2 6458.8** 1000.5** 259.4* 3735.6** 2322.0** 
Replications / Year X Location 6 126.2* 21.7 26.7 63.8 102.3* 
Genotypes 15 6819.3** 822.5** 57.7 3807.7** 3258.0** 
Genotype X Year 15 211.0 52.7* 33.9 II 1.9 107.0 
Genotype X Location 30 114.4 25.8 48.2 87.3 139.2 
Genotype X Year X Location 30 109.0* 21.4 53.4 94.9** 146.4 
Error 90 57.3 17.0 69.2 40.9 109.7 
CV (%) 1.9 2.1 16.8 1.1 1.6 
Significant at the 0.05 and 0.01 probability levels, respectively. 
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Table BS. Form of the analysis of variance for multiple environments and genotypes. 
Sources of variation Dft Mean squares Expected mean squares 
Environments e-1 Ms cr^ + go'R-t + rga'E 
Replications/Environments e(r-I) M4 e + gO'RA. 
Genotypes g-1 M3 (J% + rc'cE + re0G 
Genotype X Environment (g-lKe-l) M: CT% + ro-GE 
Error e(r-lXg-l) M, •» CTe 
t e = no. of environments, r = no. of replications, and g = no. of genotypes. 
Table BS.I. Mean squares for the analysis of variance across environments for natto quality and seed traits of 16 soybean genotypes 
grown at three Iowa locations in I99S and 1996. 
Water Water Steamed Natto Steamed Natto 
Sources of variation Df absorption loss hardness hardness darkness darkness 
Environments 5 262. 5.4 1120.4** 447.7** 9.0** 10.0 
Replications / Environments 6 11.4 2.9 32.8 29.0 0.8 4.9 
Genotypes 15 150.6»* 19.1** 721.8** 297.1** 10.3** lO.I** 
Genotype X Environment 75 32A** 5.1** 143.7 56.5 2.4 3.2 
Error 90 11.8 4.4 134.7 43.7 2.1 3.7 
CV (%) 1.4 18.7 11.6 16.7 3.4 4.7 
Table BS.I. (Continued). 
Total Free 
Sources of variation Df sugar sugar Sucrose Raffinose Stachoyse Seed size 
Environments 5 5323.1** 396.9* 373.2** 6.6** 21.0 1677.7** 
Replications / Environments 6 602.3 68.9 27.2 0.3 11.9 37.4* 
Genotypes 15 1230.2** 424.8** 283.6** 6.1** 70.1** 473.7** 
Genotype X Environment 75 132.0 176.0 87.6 0.8** 23.2 23.7* 
Error 90 161.3 163.1 82.0 0.5 22.9 15.0 
CV (%) 5.5 10.5 13.2 12.1 10.0 5.4 
Table BS.I. (Continued). 
Sources of variation Df Protein (P) Oil (O) Fiber (F) P + O P + 0 + F 
Environments 5 16234.9** 1944.5** 140.9* 10169.9** 9883.7** 
Replications / Environments 6 126.2* 21.7 26.7 63.8 102.3 
Genotypes 15 6819.3** 822.5** 57.7 3807.7** 3258.0** 
Genotypes X Environments 75 131.6** 29.4** 47.4 95.3** 135.6 
Error 90 57.3 17.0 69.2 40.9 109.7 
CV (%) 1.9 2.1 16.8 1.1 1.6 
Significant at the 0.05 and 0.01 probability levels, respectively. 
Table B6.1. Mean water absorption of 16 genotypes grown at three Iowa locations in 1995 and 1996. 
1995 19% Grand 
Genotype Ames Fairfield Stuart Mean Ames Fairfield Stuarl Mean Mean 
% rank % rank % rank % rank % rank % rank % rank % rank % rank 
A95-68600I 241 2 245 11 244 10 243 5 247 4 239 10 243 4 243 5 243 5 
A9S-6860()4 239 6 246 6 245 6 243 5 244 7 239 10 247 3 243 5 243 5 
A9S-686006 235 12 245 11 246 4 242 9 238 14 236 16 237 14 237 16 239 14 
A95-686007 235 12 245 9 241 13 240 12 242 11 241 7 240 10 241 9 241 9 
A9S-686008 233 15 243 14 240 14 239 13 244 7 242 6 243 4 243 5 241 9 
A9S-686013 235 12 246 6 245 6 242 9 244 7 237 14 242 6 241 9 241 9 
A95-686022 241 2 254 2 245 6 246 3 247 4 245 3 237 14 243 5 245 3 
A95-686()23 239 6 245 9 228 16 237 15 251 1 243 5 249 2 248 1 242 8 
A9S-686026 238 9 235 16 244 10 239 13 239 13 239 10 238 13 239 12 239 14 
A95-686()27 239 6 248 4 242 12 243 5 249 2 247 1 241 9 246 3 244 4 
A95-686()35 241 2 250 3 257 2 249 2 245 6 245 3 242 6 244 4 246 2 
IA20US 230 16 240 15 229 15 233 16 241 12 238 13 236 16 238 13 236 16 
IA2023 236 II 244 13 246 4 242 9 237 15 240 8 239 11 238 13 240 13 
IA2024 237 10 248 4 245 6 243 5 235 16 237 14 242 6 238 13 241 9 
IA3007 247 1 256 1 260 1 254 1 248 3 246 2 251 1 248 1 251 1 
IA4(H)I 240 5 246 6 251 3 246 3 243 10 240 8 239 11 241 9 243 5 
Mean 238 246 244 243 243 241 242 242 242 
SE 2r 2t 2t 2J 3t «t 3t 2t 2§ 
LSDOOSH 7 7 6 7 9tt 4 9tt 5 5 
LSDqoi^ 9tt 10 8 9 13tt 6 ntt 6 6 
t Standard error of an entry mean based on the mean square for error. 
I Standard error of an entry mean based on the mean square for the genotype x location interaction. 
§ Standard error of an entry mean based on the mean square for the genotype x environment interaction. 
X # Least significant difference for comparison of entry means at the 0.05 and 0.01 probability levels, rcspccti\'cly. 
It Differences among genotypes were not significant based on an F test. 
Table B6.2. Mean water loss after steaming of 16 genot>pes grovsn at three Iowa locations in 1995 and 1996. 
1995 1996 Grand 
Genotype Ames Fairfield Stuait Mean Ames Fairfield Stuart Mean Mean 
% rank % rank % rank % rank % rank % rank % rank % rank % rank 
A9S-68600I 14 1 10 11 12 4 12 3 11 11 11 7 12 4 12 5 12 3 
A9S-686004 13 3 11 7 10 9 11 9 11 11 11 7 II 8 11 9 11 9 
A9S-6860()6 11 9 12 4 12 4 12 3 10 13 8 15 9 14 9 15 10 11 
A95-686007 12 7 14 2 11 7 12 3 14 1 14 2 12 4 14 1 13 2 
A9S-686008 11 9 10 11 9 14 10 12 12 6 8 15 8 16 10 12 10 11 
A95-686013 12 7 10 11 10 9 11 9 12 6 12 5 14 1 12 5 12 3 
A9S-686022 13 3 14 2 11 7 13 2 12 6 11 7 9 14 11 9 12 3 
A95-686023 13 3 9 14 6 16 9 14 14 1 11 7 13 2 13 2 11 9 
A9S-686026 9 14 7 16 10 9 9 14 10 13 9 12 II 8 10 12 9 15 
A95-686027 13 3 11 7 10 9 II 9 13 3 12 5 12 4 12 5 12 3 
A9S-68603S 11 9 12 4 13 1 12 3 13 3 13 3 11 8 12 5 12 3 
IA200S 9 14 8 15 7 15 8 16 10 13 II 7 10 12 10 12 9 15 
IA2023 9 14 11 7 10 9 10 12 12 6 9 12 II 8 11 9 10 11 
IA2024 11 9 12 4 12 4 12 3 7 16 9 12 10 12 9 15 10 11 
IA3007 14 1 16 1 13 1 14 1 13 3 13 3 13 2 13 2 14 1 
IA4001 11 9 11 7 13 1 12 3 12 6 15 1 12 4 13 2 12 3 
Mean 12 11 10 II 12 11 11 11 11 
SE 2t 2t It l| •t 2t 2t n l§ 
LSDoosH 5tt sn 4 3 3 5tt 5tt 2 2 
LSDqoi# 7tt 7TT 5tt 4 4 6tt 6tt 3 3 
t Standard error of an entr>' mean based on the mean square for error. 
Standard error of an entr>' mean based on the mean square for the genotype x location interaction. 
§ Standard error of an entry mean based on the mean square for the genotype x environment interaction. 
X # Least significant difference for comparison of entry means at the 0.05 and 0.01 probability levels, respectively, 
tt Differences among genotypes were not significant based on an F test. 
Table B6.3. Mean steamed soybean hardness of 16 genotypes grown at three Iowa locations in 1995 and 1996. 
1995 1996 Grand 
Genotype Ames Fairfield Stuait Mean Ames Fairfield Stuart Mean Mean 
g rank g rank g rank g rank g rank g rank g rank g rank g rank 
A95-686()0! 104 6 97 10 102 2 101 5 94 16 94 13 97 12 95 15 98 8 
A9S-686004 92 15 71 16 66 16 76 16 106 8 106 6 76 16 96 14 86 16 
A9S-686(M)6 96 10 84 15 95 5 92 11 101 13 90 16 94 13 95 15 93 14 
A95-686(M)7 95 12 93 11 89 9 92 11 105 9 101 7 106 5 104 6 98 8 
A9S-686(M)8 128 2 105 3 102 2 111 2 96 15 109 5 122 1 109 5 110 3 
A9S-6860I3 95 12 105 3 82 13 94 9 114 4 114 3 106 5 111 3 103 5 
A95-()86022 97 8 99 7 94 7 96 8 102 11 96 10 113 3 103 7 KM) 6 
A95-(»86«23 97 8 98 8 86 12 93 10 102 11 95 12 108 4 101 9 97 11 
A95-686026 102 7 104 6 88 10 98 7 115 3 94 13 87 15 98 12 98 8 
A95-686027 96 10 86 14 87 II 90 13 112 5 101 7 93 14 102 8 96 12 
A95-686035 94 14 91 12 82 13 89 14 103 10 97 9 98 11 99 10 94 13 
IA20()5 109 4 116 1 101 4 108 3 no 6 110 4 116 2 112 2 110 3 
IA2023 133 1 109 2 104 1 115 1 118 2 115 2 99 9 I I I  3 113 1 
IA2024 110 3 105 3 91 8 102 4 136 1 129 1 104 7 123 1 112 2 
IA3(M)7 105 5 98 8 95 5 99 6 98 14 96 10 101 8 98 12 99 7 
IA40()I 90 16 91 12 81 15 87 15 107 7 92 15 99 9 99 10 93 14 
Mean 103 97 90 96 107 102 101 103 KM) 
SE 7t lot 8t n 8t 6t 9t n 4§ 
LSDoosH 20 31tt 25tt 11 25tt 17 28tt 15 10 
LSDqoi^ 28tt 42tt 35tr 15 34tt 23 39tt 2ltt 13 
t Standard error of an entry mean based on the mean square for error. 
I Standard error of an entry mean based on the mean square for the genotype x location interaction. 
§ Standard error of an entry mean based on the mean square for the genotype x environment interaction. 
X ^ Least significant difference for comparison of entry means at the 0.05 and 0.01 probability levels, respectively, 
tt Differences among genotypes were not significant based on an F test. 
Table B6.4. Mean natto hardness of 16 genotypes gro\Mi at three Iowa locations in 1995 and 1996. 
1995 1996 Grand 
Genotype Ames Fairfield Stuart Mean Ames Fairfield Stuart Mean Mean 
g rank g rank g rank g rank g rank g rank g rank g rank g rank 
A95-686001 38 14 32 13 43 1 38 6 37 14 38 9 31 15 35 13 36 13 
A9S-686004 36 15 32 13 30 14 32 15 42 10 28 16 40 7 37 10 35 14 
A95-686006 43 8 38 5 35 7 38 6 43 9 32 13 31 15 35 13 37 11 
A95-686007 41 11 37 7 34 9 37 10 58 1 44 4 36 11 46 3 42 4 
A95-686008 43 8 36 10 33 10 37 10 45 8 44 4 33 13 41 8 39 8 
A95-6860I3 45 6 38 5 40 4 41 4 51 4 45 3 41 5 45 4 43 3 
A95-686022 45 6 31 15 24 16 33 14 41 11 40 8 49 1 43 6 38 9 
A95-<)86023 39 13 33 12 43 1 38 6 41 11 35 12 36 11 37 10 38 9 
A95-686026 46 4 39 3 36 6 40 5 46 6 38 9 39 8 41 8 40 7 
A95-686()27 42 10 37 7 32 10 37 10 49 5 41 7 46 3 45 4 41 6 
A95-686035 46 4 37 7 32 10 38 6 31 16 38 9 39 8 36 12 37 11 
IA2005 51 3 49 2 35 7 45 2 58 1 50 2 49 1 52 1 49 2 
iA2023 60 1 60 1 42 3 54 1 54 3 52 1 38 10 48 2 51 1 
IA2024 53 2 39 3 33 10 42 3 46 6 43 6 42 4 43 6 42 4 
1A3007 29 16 27 16 39 5 31 16 33 15 31 14 41 5 35 13 33 16 
IA4001 41 11 36 10 26 15 34 13 39 13 29 15 33 13 33 16 34 15 
Mean 44 37 35 38 44 39 39 41 40 
SE 5t 6t 4t n 5t 3t n 2§ 
LSDoosH 16tt 17tt 12tt 9 15 10 i2n 9 6 
LSDqoi# 22tt 24tt I7tt 12 2in 14 I7tt 11 8 
t Standard error of an entr>' mean based on the mean square for error. 
Standard error of an entr>' mean based on the mean square for the genotype x location interaction. 
§ Standard error of an entr)' mean based on the mean square for the genotype x environment interaction. 
X ^ Least significant difTerence for comparison of entry means at the O.OS and 0.01 probabilit>' lc\'els, respectively, 
tt Differences among genotypes were not significant based on an F test. 
Table B6.5. Mean steamed soybean darkness of 16 genotypes grown at three Iowa locations in 1995 and 1996. 
1995 im Grand 
Genotvpe Ames Fairfield Stuart Mean Ames Fairfield Stuart Mean Mean 
L rank L rank L rank L rank L rank L rank L rank L rank L rank 
A9S-686(M)I 43,3 4 43,5 6 41.0 13 42.6 5 43,6 4 43.7 3 43.7 6 43.6 3 43,1 4 
A9S-686004 42,7 5 43,3 8 43.4 5 43.1 4 43.1 8 41.1 15 44.1 3 42.7 8 42,9 5 
A9S-6860()6 41.6 8 42,0 15 42.0 9 41.9 12 40,7 16 42.3 7 40.9 15 41,3 15 41,6 14 
A95-686007 39,0 16 42.4 13 41.9 10 41.1 13 42.7 10 42.3 7 45.3 1 43,4 5 42,3 10 
A9S-686(M)8 39.8 14 42.4 13 40.7 14 40,9 15 43.2 7 43.8 2 44.1 3 43,7 2 42,3 10 
A95-686013 42.1 6 42.8 11 42.4 8 42,4 9 43.3 6 41,6 11 45.2 2 43,4 5 42,9 5 
A95-686022 40,2 13 43.9 1 43.4 5 42.5 8 42.8 9 42,3 7 42.0 12 42,4 11 42,4 9 
A9S-686()23 40,7 11 43.7 2 38.4 16 41.0 14 41.9 12 41.4 13 41.5 14 41,6 14 41,3 15 
A95-686026 41.8 7 42.8 11 41.3 12 42.0 11 42.1 11 41.9 10 43.6 7 42,5 9 42,2 12 
A95-686027 4U.8 10 43.4 7 43.5 4 42.6 5 43.6 4 41.5 12 42.4 II 42,5 9 42,5 7 
A9S-686035 39.8 14 41.6 16 40.2 IS 40.5 16 41.3 14 40.1 16 39.9 16 40,4 16 4(»,5 16 
IA2(H)S 40.7 11 43.6 3 43.3 7 42.5 7 41.6 13 42.6 6 43.0 8 42,4 11 42,5 7 
IA2023 43,5 3 43.6 3 43.7 3 43.6 3 44.7 1 45.2 1 44.0 5 44.6 1 44,1 1 
IA2()24 41.4 9 43,6 3 41.4 11 42.1 10 41.1 15 41 4 13 42.7 9 41,7 13 41,9 13 
IA3007 44.2 2 43,0 10 44.1 2 43.8 2 44.5 2 43.4 5 42.6 10 43,5 4 43.6 2 
IA4001 44.4 1 43,2 9 44.5 1 44.0 1 43.8 3 43.7 3 42.0 12 43.2 7 43,6 2 
Mean 41.6 43,1 42.2 42.3 42.7 42.4 42.9 42.7 42,5 
SE l i t  0,8t 0.9t 0.7} 0.8t l i t  1.3t 0.6} 0,4§ 
LSDoosI 3.3n 2.5tt 2 8 1.9 2.4tt 3.3tt 3.9tt 1.6 1,3 
LSDooi# 4.5rt 3.4Tt 3.8tt 2.5tt 3.4tr 4.5tt 5.4tt 2,2 1,7 
t Standard error of an entry mean based on the mean square for error. 
Standard error of an entry mean based on the mean square for the genotype x location interaction. 
§ Standard error of an entry mean based on the mean square for the genotype x environment interaction. 
X # Least significant difference for comparison of entr>' means at the 0.05 and 0.01 probability levels, respectively, 
tt Differences among genotypes were not significant based on an F test. 
Table B6.6. Mean natto darkness of 16 genotypes grown at three Iowa locations in 1995 and 1996. 
1995 1996 Grand 
Genotype Ames Fairfield Stuart Mean Ames Fairfield Stuart Mean Mean 
L rank L rank L rank L rank L rank L rank L rank L rank L rank 
A9S-686()0I 41.4 8 42.8 1 39.2 15 41.1 6 43.2 3 43.1 3 44.0 1 43.4 3 42.3 2 
A9S-686004 41.0 11 42.2 2 41.3 4 41 5 2 40.4 12 42.0 9 40.7 12 41.0 12 41.3 7 
A9S-686(M)6 41.6 6 38.7 16 39.4 12 39.9 15 42.8 6 41.5 11 41.2 10 41.8 7 40.8 14 
A95-686007 42.5 3 40.3 11 40.7 8 41.2 4 40.3 13 38.7 16 42.5 7 40.5 15 40.8 14 
A95-686(H)8 41.3 9 41.4 7 41.2 5 41.3 3 43.3 2 42.1 8 43.8 3 43.1 4 42.2 4 
A95-686013 40.2 13 42.0 3 41.1 6 41.1 6 40.0 14 42.5 4 42.6 6 41.7 9 41.4 6 
A9S-686022 40.0 15 41.6 5 41.9 3 41.2 4 42.1 8 40.4 14 39.5 15 40.7 13 40.9 10 
A95-686023 40.2 13 39,0 14 42.2 2 40,5 12 40.6 11 42.5 4 42.4 8 41,8 7 41.2 9 
A95-686()26 38,9 16 41.5 6 39.6 II 40.0 14 42.6 7 42.4 6 40.6 13 41,9 6 40.9 10 
A95-686027 40,9 12 41.0 8 40.6 9 40.8 9 41.2 10 41.0 12 43.0 5 41.7 9 41,3 7 
A95-686035 42.1 5 39.0 14 37.7 16 39.6 16 39.7 16 39.8 15 37.7 16 39,0 16 39,3 16 
IA2005 44.1 2 39,9 11 39.4 12 41 1 6 40.0 14 41.6 10 40.6 13 40.7 13 40,9 10 
IA2023 41.1 10 40.4 10 39.9 10 40.5 12 41.9 9 40,8 13 41.4 9 41.4 M 40,9 10 
IA2024 41.5 7 39,9 11 40.8 7 40.8 9 44.2 1 43,2 2 44.0 1 43.8 i 42,3 2 
1A3007 42.5 3 40.7 9 39.3 14 40.8 9 43.2 3 42,4 6 41.1 n 42.2 5 41,5 5 
IA400I 44.3 1 41.7 4 44.5 1 43.5 1 43.1 5 43,9 1 43.7 4 43,6 2 43,5 1 
Mean 41.5 40.8 40.5 40.9 41.8 41.7 41.8 41.8 41,4 
SE I 3 t  l,2t 1.3t 0.8J l.9t 0.9t I,4t 0.6J 0,5§ 
LSDO.OSI 4.1tt 3.6tt 3.8Tt 2.3tT 5.7tT 2.9tr 4, in 1.8 1.5 
LSDq o i ^  5.6tt 4.9tt 5.3tr 3.ltt 7.9n 4,0tt 5.7n 2.4 1,9 
t Standard error of an entr>' mean based on the mean square for error. 
{ Standard error of an entr>' mean based on the mean square for the genotype x location interaction. 
§ Standard error of an entry mean based on the mean square for the genotype x environment interaction. 
# Least significant difference for comparison of entr>' means at the 0.05 and 0.01 probability levels, respcctivul>'. 
tt Differences among genot>pes were not significant based on an F test. 
Table B6.7. Mean total sugar content of 16 genotypes grown at three Iowa locations in 1995 and 1996. 
1995 im Grand 
Genotype Ames Fairfield Stuart Mean Ames Fairfield Stuart Mean Mean 
g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g "  rank g k g "  rank 
A95-686001 219 3 245 4 246 11 237 3 237 5 258 1 260 2 251 1 244 1 
A95-6860()4 202 14 216 16 236 13 218 13 213 14 221 14 228 14 221 13 219 13 
A95-686006 206 11 243 6 249 8 232 8 227 10 238 6 234 9 233 9 233 9 
A95-686007 209 10 223 11 255 5 229 10 239 4 251 3 246 6 245 4 237 7 
A95-686(M)8 212 7 244 5 260 3 238 3 244 2 251 3 255 3 250 2 244 1 
A95-6860I3 204 13 235 7 254 6 231 9 232 6 223 13 225 15 226 12 229 11 
A95-686022 223 1 249 2 264 2 245 1 241 3 242 5 248 4 243 5 244 1 
A95-686023 212 7 231 9 258 4 233 7 232 6 233 8 263 1 243 5 238 5 
A95-686026 214 6 225 10 248 10 229 10 224 12 233 8 245 7 234 8 231 10 
A95-686027 216 4 249 2 249 8 238 3 231 8 226 12 234 9 230 10 234 8 
A95-686()35 216 4 220 12 243 12 226 12 225 11 234 7 232 12 230 10 228 12 
1A2005 194 IS 220 12 230 14 214 15 212 16 206 16 233 11 217 16 216 15 
IA2023 189 16 219 14 229 IS 212 16 213 14 227 11 224 16 221 13 216 IS 
IA2024 211 9 217 15 225 16 217 14 214 13 216 15 231 13 220 15 219 13 
IA3(K)7 221 2 235 7 267 I 241 2 231 8 229 10 247 5 235 7 238 5 
1A4001 204 13 257 1 252 7 237 5 256 1 256 2 235 8 249 3 243 4 
Mean 209 233 248 230 229 234 240 234 232 
SE 6t lot 5t 5t Nt 8t I 2 t  5J 3§ 
LSDoosH 18tt 30tt 15 13 " t t  25 36tt 13 9 
LSDooi^ 25tt 41tt 20 18 45tt 35tt 49tt 18 12 
t Standard error of an entry mean based on the mean square for error. 
Standard error of an entry mean based on the mean square for the genotype x location interaction. 
§ Standard error of an entry mean based on the mean square for the genotype x environment interaction. 
X # Least significant difference for comparison of entry means at the 0.05 and 0.01 probability levels, respectively, 
tt Differences among genotypes were not significant based on an F test. 
Table B6.8. Mean free sugar content of 16 genotypes grown at three Iowa locations in 1995 and 1996. 
1995 1996 Grand 
Genotype Ames Fairfield Stuart Mean Ames Fairfield Stuart Mean Mean 
g kg ' rank g k g '  rank g k g '  rank g kg ' rank g kg ' rank g k g '  rank g k g '  rank g kg ' rank g k g '  rank 
A9S-68600I 110 11 126 8 127 6 121 9 136 1 134 1 137 2 136 1 128 1 
A9S-686004 108 13 135 2 112 14 119 11 107 14 127 7 135 4 123 8 121 10 
A9S-686006 122 6 124 11 123 10 123 5 123 5 133 3 137 2 131 3 127 2 
A95-686007 121 7 118 14 125 8 121 9 122 6 114 16 103 16 113 15 117 13 
A9S-686008 125 5 129 4 134 1 129 3 122 6 133 3 122 9 125 6 127 2 
A95-686()I3 131 2 142 1 128 5 134 1 122 6 117 11 112 13 117 13 125 6 
A9S-686022 135 1 126 8 132 2 131 2 120 11 130 6 113 12 121 9 126 5 
A95-686023 108 13 126 8 130 3 122 8 111 13 117 11 129 6 119 11 120 12 
A9S-686U26 127 3 96 16 126 7 116 13 121 9 121 10 153 1 132 2 124 7 
A95-686027 118 8 132 3 117 13 123 5 132 2 115 15 111 14 119 II 121 10 
A9S-686035 116 9 128 6 125 8 123 5 125 3 131 5 117 10 124 7 124 7 
IA200S 94 15 111 15 112 14 106 16 93 16 116 14 107 15 105 16 105 16 
IA2023 93 16 121 13 123 10 112 15 116 12 117 II 128 7 120 10 116 14 
IA2024 109 12 124 11 112 14 115 14 107 14 125 8 115 11 116 14 116 14 
1A3007 112 10 128 6 118 12 119 11 124 4 123 9 133 5 127 4 123 9 
1A400I 125 4 129 4 129 4 128 4 121 9 134 1 123 8 126 5 127 2 
Mean 116 125 123 121 119 124 124 122 122 
SE l i t  9t 7t n 8t 9t n H 4§ 
LSDoosI 34tt 26tt 2 i n  14 23tt 30tt 29tt I6tt 11 
LSDfl 01# 47tt 36tt 29tt i9n 32tT 41tt 40tt 2 i n  14 
t Standard error of an entry mean based on the mean square for error. 
I Standard error of an entry mean based on the mean square for the genotype x location interaction. 
§ Standard error of an entry mean based on the mean square for the genotype x environment interaction. 
H, M Least significant difference for comparison of entry means at the 0.05 and 0.01 probability levels, respectively, 
ft Differences among genotypes were not significant based on an F test. 
Table B6.9. Mean sucrose content of 16 genotypes groNvn at three Iowa locations in 199S and 1996. 
1995 1996 Grand 
Genotype Ames Fairfield Stuart Mean Ames Fairfield Stuart Mean Mean 
g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank 
A95-68600I 62 10 74 6 77 3 71 5 81 1 83 1 78 2 81 1 76 1 
A95-686004 56 13 76 2 63 15 65 12 58 15 72 7 76 5 69 9 67 12 
A95-686(NI6 64 7 69 10 66 12 67 10 71 4 75 4 78 2 75 2 71 4 
A95-686007 64 7 67 12 71 9 67 10 70 5 62 16 54 16 62 15 65 13 
A9S-686008 73 2 74 6 82 1 76 2 67 9 80 2 70 8 73 4 74 2 
A95-6860I3 75 1 81 1 76 5 77 1 69 7 63 15 60 14 64 13 71 4 
A9S-686022 73 2 70 9 77 3 73 3 67 9 74 5 61 13 67 11 70 8 
A95-686023 61 12 74 6 81 2 72 4 64 11 72 7 74 6 70 7 71 4 
A95-686026 67 5 54 16 70 10 64 13 68 8 64 14 89 1 74 3 69 9 
A95-686027 65 6 76 2 64 14 68 9 78 2 68 11 65 10 70 7 69 9 
A95-686()35 64 7 75 4 74 7 71 5 70 5 78 3 64 11 71 6 71 4 
IA2()0S 44 16 62 15 65 13 57 16 44 16 66 12 59 15 56 16 57 16 
IA2023 48 15 64 14 69 11 60 14 63 13 65 13 71 7 67 11 63 14 
1A2024 53 14 67 12 56 16 59 15 59 14 71 9 62 12 64 13 61 15 
IA3007 62 10 75 4 76 5 71 5 72 3 70 10 78 2 73 4 72 3 
IA400I 68 4 69 10 72 8 70 8 64 11 73 6 70 8 69 9 69 9 
Mean 62 70 71 68 67 71 69 69 69 
SE 7t 5t 5t 3t 6t 7r 8t n 3§ 
LSDoosI 22tt 14tt 17tt 10 18tt 21tt 23tt 12 8 
LSDoo)^ 31tt I9tt 23tt 13 25tt 29tt 3 i n  I6tt 10 
t Standard error of an entry mean based on the mean square for error. 
X Standard error of an entr>' mean based on the mean square for the genotype x location interaction. 
§ Standard error of an entry mean based on the mean square for the genotype x environment interaction. 
# Least significant difference for comparison of cntr>' means at the 0.05 and 0.01 probability levels, respectively, 
tt Differences among genotypes were not significant based on an F test. 
Table B6.10. Mean raffinose content of 16 genotypes grown at three Iowa locations in 1995 and 1996. 
1995 1996 Grand 
Genotype Ames Fairfield Stuart Mean Ames Fairfield Stuart Mean Mean 
g k g '  rank g k g '  rank g k g '  rank g l i g '  rank g k g '  rank g k g '  rank gkg"' rank g k g '  rank g kg'' rank 
A95-686001 6.1 6 6.2 6 6.7 4 6.3 5 5.6 4 5.4 8 6.6 1 5,9 3 6,1 5 
A9S-686004 5.7 11 7.4 1 5.1 13 6,0 7 3,8 15 5.0 9 5.2 12 4,6 13 5,3 10 
A9S-686006 5.9 8 5.7 9 6,0 7 5.9 8 5,3 7 5.8 5 5.5 6 5,5 6 5,7 7 
A95-686007 8.1 1 6.8 5 7,7 1 7,5 1 5,8 3 6.2 4 5,7 4 5,9 3 6,7 2 
A9S-686(N)8 5.1 14 5.7 9 5,8 8 5,5 11 4.1 12 5.0 9 5,3 9 4,8 10 5,2 11 
A95-686013 5,4 12 6.9 4 6,2 6 6.1 6 4.5 9 4.8 13 5,2 12 4,8 10 5,5 8 
A9S-686022 7.3 4 4.7 14 4,8 15 5,6 10 4.9 8 5.6 6 5,3 9 5,2 8 5.4 9 
A95-686023 5.4 12 5.1 12 4,2 16 4.9 15 4.0 14 4.7 14 5,5 6 4,7 12 4.8 14 
A95-686026 6.1 6 3.7 16 5,6 10 5.1 13 4.4 10 5.0 9 5,8 3 5,1 9 5.1 12 
A95-686027 7.6 2 7.2 3 7,2 2 7.3 2 5.4 6 5.5 7 5,4 8 5 4 7 6,4 3 
A95-686035 7,4 3 7.3 2 7.0 3 7.2 3 6.3 1 7.0 1 6.3 2 6,5 1 6,8 1 
IA2005 4,5 16 4.8 13 5.0 14 4.7 16 4.1 12 4.2 15 4.8 14 4.4 15 4,5 16 
IA2023 4,8 15 4.7 14 5.8 8 5 1 13 4.3 II 4.2 15 4.7 15 4.4 15 4,7 15 
IA2024 5,8 9 5.6 11 5.2 12 5.5 11 3.7 16 5.0 9 4.7 J 5 4.5 14 5.0 13 
IA3007 5,8 9 6.2 6 5.3 11 5.7 9 5.6 4 6.3 3 5,7 4 5.8 5 5,8 6 
IA4001 7.3 4 5.9 8 6,6 5 6.6 4 6.1 2 6.8 2 5.3 9 6.0 2 6.3 4 
Mean 6.1 5.8 5.9 5.9 4.9 5.4 5.4 5.2 5.6 
SE 0.6t 0.4t 0.3t 0.4t 0.3t 0.5t 0.6t 0,2t «.3§ 
LSDoosI 1.9 1.1 0.9 1.2 1.0 1.6 l , 8 t t  0,7 0.7 
LSDooi^ 2.6tt 1.6 1.2 1.6 1.4 2.2tt 2.5n 1,0 0.9 
t Standard error of an entry mean based on the mean square for error. 
^ Standard error of an entry mean based on the mean square for the genotype x location interaction. 
§ Standard error of an entry mean based on the mean square for the genotype x environment interaction. 
X # Least significant difference for comparison of entry means at the 0.05 and 0.01 probability levels, rcspcctivcly. 
tt Differences among genotypes were not significant based on an F test. 
Table B6.11. Mean stachyose content of 16 genotypes grown at three Iowa locations in 1995 and 1996. 
1995 im Grand 
Genotype Ames Fairfield Stuart Mean Ames Fairfield Stuart Mean Mean 
g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank 
A95-6860()l 42 14 46 11 44 12 44 13 50 3 46 11 52 4 49 5 46 10 
A9S-6860<)4 47 8 51 6 44 12 47 8 45 13 50 4 54 3 50 4 49 5 
A9S-686Q06 52 3 50 7 51 2 51 3 46 10 52 2 55 2 51 2 51 I 
A95-686007 48 7 44 14 47 7 47 8 46 10 45 14 44 14 45 13 46 10 
A9S-686008 46 9 50 7 47 7 48 6 51 1 47 8 46 12 48 7 48 8 
A9S-ri86013 51 4 54 1 46 9 51 3 49 4 49 6 47 10 48 7 49 5 
A95-686022 54 2 52 3 51 2 52 1 49 4 50 4 47 10 48 7 50 3 
A95-686()23 42 14 47 10 45 11 45 12 44 15 40 16 49 7 44 14 45 13 
A95-686()26 55 1 38 16 50 4 48 6 49 4 52 2 59 1 53 1 50 3 
A95-686027 46 9 49 9 46 9 47 8 49 4 42 15 41 16 44 14 45 13 
A95-686035 44 13 45 13 44 12 44 13 49 4 46 11 46 12 47 11 46 10 
1A2(M)5 45 11 44 14 42 15 44 13 44 15 46 11 43 15 44 14 44 16 
IA2023 41 16 52 3 49 6 47 8 49 4 47 8 52 4 49 5 48 8 
IA2024 50 6 52 3 52 1 51 3 45 13 49 6 49 7 47 11 49 5 
1A3(M)7 45 11 46 11 38 16 43 16 46 10 47 8 50 6 48 7 45 13 
IA4()0I 51 4 54 1 50 4 52 1 51 1 54 1 48 9 51 2 51 1 
Mean 47 48 47 47 48 48 49 48 48 
SE 4T 4t 2t 2? 3t •n 4t 2t 
LSDQOSI I in 12tt 6 6 8tT ion i-nt 5 4 
LSDqoi^ I 5 t t  16n 8 8tt l i t t  i 4 n  i K n  m 5 
t Standard error of an entry mean based on the mean square for error. 
I Standard error of an entry mean based on the mean square for the genotype x location interaction. 
§ Standard error of an entry mean based on the mean square for the genotype x environment interaction. 
# Least significant difference for comparison of entry means at the 0.05 and 0.01 probability levels, respectively, 
tt Differences among genotypes were not significant based on an F test. 
Table B6.12. Mean seed size of 16 genotypes grown at three Iowa locations in 1995 and 1996. 
1995 1996 Grand 
Genotype Ames Fairfield Stuart Mean Ames Fairfield Stuart Mean Mean 
g k g '  rank mgsd ' rank mgsd' rank mg sd ' rank mg sd ' rank mgsd' rank mg sd ' rank mgsd' rank mg sd ' rank 
A9S-68600I 63 15 63 13 58 8 61 13 75 9 76 11 66 14 72 12 66 13 
A95-686(M)4 59 16 52 16 46 16 52 16 60 16 71 14 65 15 65 16 59 16 
A95-686006 66 12 68 6 60 5 65 8 82 4 76 11 76 10 78 7 71 8 
A95-686007 76 5 67 7 64 4 69 4 83 2 82 5 80 5 81 4 75 4 
A95-686()08 69 10 67 7 60 5 65 8 75 9 77 10 79 6 77 10 71 8 
A95-6860i3 81 2 71 3 66 3 72 3 83 2 85 2 89 2 85 2 79 2 
A95-686022 73 8 70 4 55 13 66 7 81 5 83 3 79 6 81 4 73 6 
A95-686023 78 3 77 1 67 2 74 2 75 9 76 II 83 4 78 7 76 3 
A95-686()26 66 12 62 14 55 13 61 13 64 15 71 14 70 II 68 14 64 14 
A95-686027 64 14 62 14 54 15 60 15 67 14 68 16 70 11 68 14 64 14 
A95-686035 78 3 69 5 59 8 69 4 79 6 83 3 86 3 82 3 75 4 
1A2005 82 1 76 2 79 1 79 1 89 1 92 1 91 1 91 1 85 1 
1A2023 74 6 67 7 60 5 67 6 73 12 82 5 70 II 75 II 71 8 
IA2024 67 11 64 11 56 11 62 12 79 6 78 9 77 8 78 7 70 11 
IA3007 74 6 65 10 57 10 65 8 79 6 81 7 77 8 79 6 72 7 
lA400i 73 8 64 11 56 II 64 11 70 13 80 8 65 15 72 12 68 12 
Mean 71 66 59 66 76 79 76 77 71 
SE 2t It 2t 2? 3t 2t 4t 2t l§ 
LSDQ.os^ 6 3 7 5 10 7 13 6 4 
LSDo.oi^ 8 4 10 7 13 10 18 8 5 
I Standard error of an entry mean based on the mean square for error. 
t Standard error of an entry mean based on the mean square for the genotype x location interaction. 
§ Standard error of an entry mean based on the mean square for the genotjpe x environment interaction. 
# Least significant difference for comparison of entr>' means at the O.OS and 0.01 probability levels, respectively. 
Table B6.13. Mean protein content of 16 genotypes grown at three Iowa locations in 1995 and 1996. 
1995 1996 Grand 
Genotype Ames Fairfield Stuart Mean Ames Fairfield Stuart Mean Mean 
gkg"' rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank gkg"' rank gkg"' rank g k g '  rank g k g '  rank 
A95-6860()l 3% 11 375 8 348 8 373 8 403 12 379 14 368 15 383 14 378 13 
A95-686004 417 4 386 4 354 5 386 5 421 5 406 5 407 5 411 4 398 4 
A95-686006 405 6 370 13 341 11 372 10 409 10 382 12 383 10 391 12 381 9 
A95-6860()7 391 13 371 12 335 13 366 13 400 13 386 9 398 7 395 9 380 11 
A9S-686(M)8 391 13 354 16 333 14 359 16 392 15 363 15 376 13 377 15 368 15 
A95-686013 404 7 375 8 337 12 372 10 413 8 392 7 401 6 402 7 387 7 
A95-686022 391 13 369 14 324 16 361 15 404 11 386 9 394 9 394 10 378 13 
A95-686()23 399 10 377 7 349 6 375 7 4(H) 13 381 13 382 11 388 13 381 9 
A95-686()26 403 8 383 6 349 6 378 6 418 6 397 6 397 8 404 6 391 6 
A95-686027 396 11 374 11 331 15 367 12 417 7 385 11 379 12 394 10 380 11 
A95-686035 416 5 386 4 359 4 387 4 430 4 389 8 408 4 409 5 398 4 
IA2(H)5 455 3 433 2 407 2 431 2 456 2 439 1 441 2 445 2 438 2 
IA2023 462 1 446 1 421 1 443 1 470 1 419 3 457 1 449 1 446 1 
IA2()24 457 2 413 3 387 3 419 3 452 3 434 2 420 3 435 3 427 3 
IA3007 402 9 375 8 343 9 373 8 411 9 407 4 376 13 398 8 385 8 
IA40()I 380 16 368 15 342 10 363 14 389 16 358 16 365 16 371 16 367 16 
Mean 410 384 354 383 418 394 397 403 393 
SE 3r 3t 4t 5} 6t 9t 5t n 
LSDoosH 10 8 11 10 19 27 14 15 9 
LSDooi# 13 10 16 13 27 34 20 18 12 
t Standard error of an entry mean based on the mean square for error. 
X Standard error of an entry mean based on the mean square for the genotype x location interaction. 
§ Standard error of an entry mean based on the mean square for the genotype x environment interaction. 
X ^ Least significant difference for comparison of entr>' means at the 0.05 and 0.01 probability levels, respectively. 
Table B6.14. Mean oil content of 16 genotypes grown at three Iowa locations in 1995 and 1996. 
1995 1996 Grand 
Genotype Ames Fairfield Stuart Mean Ames Fairfield Stuart Mean Mean 
gkg"' rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g kg ' rank 
A9S-686()0I 198 11 195 10 204 9 199 9 187 7 193 8 187 6 189 7 194 7 
A93-686(M)4 193 13 191 13 199 12 194 13 181 10 187 13 182 13 183 12 188 14 
A9S-686006 204 4 205 3 217 2 209 3 192 5 194 6 191 4 192 4 200 4 
A95-686(K)7 204 4 199 5 216 3 206 4 187 7 197 4 184 10 189 7 198 5 
A9S-686(N)8 212 2 214 1 222 1 216 1 198 1 207 2 200 1 202 1 209 1 
A9S-6860I3 213 1 207 2 216 3 212 2 193 3 199 3 194 3 195 3 203 2 
A95-686022 200 8 193 12 198 13 197 10 178 13 187 13 180 14 182 13 189 12 
A95-686()23 2(M) 8 197 7 191 15 196 12 190 6 196 5 186 8 190 6 193 9 
A95-686026 201 7 197 7 211 5 203 6 175 15 188 11 183 12 182 13 192 10 
A95-686()27 2(M) 8 198 6 210 6 202 7 194 2 194 6 188 5 192 4 197 6 
A95-686()35 194 13 194 II 203 10 197 10 181 10 193 8 184 10 186 9 191 11 
IA200S 190 15 190 14 200 11 193 14 179 12 190 10 185 9 184 11 189 12 
iA2023 198 II 177 16 182 16 186 16 169 16 180 15 163 16 170 16 178 18 
IA2024 180 16 186 15 197 14 187 15 176 14 178 16 180 14 178 15 183 15 
iA3(M)7 203 6 196 9 205 8 201 8 185 9 188 11 187 6 186 9 194 7 
1A4001 210 3 200 4 207 7 206 4 193 3 208 1 195 2 199 2 202 3 
Mean 200 196 205 200 185 192 185 187 194 
SE 2t 2t 3t 2t  4t 3t 2t n 2§ 
LSDoosH 5 5 9 6 13 10 7 5 4 
LSDooi^ 7 7 13 8 isn 14 10 7 6 
t Standard error of an entry mean based on the mean square for error. 
Standard error of an entry mean based on the mean square for the genotype x location interaction. 
§ Standard error of an entry mean based on the mean square for the genotype x environment interaction. 
X # Least significant difference for comparison of entry means at the 0.05 and 0.01 probability levels, respectively 
ft Differences among genotypes were not significant based on an F test. 
Table B6. IS, Mean fiber content of 16 genotypes grown at three Iowa locations in 1995 and 1996. 
1995 1996 Grand 
Genotype Ames Fairfield Stuart Mean Ames Fairfield Stuart Mean Mean 
g l t g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  r a n k  
A95-686001 46 11 41 16 48 11 45 14 56 2 56 1 50 7 54 2 49 10 
A95-686004 45 13 56 1 57 4 52 1 58 1 55 3 41 15 51 7 52 2 
A9S-686006 41 16 47 5 55 7 47 11 47 13 56 1 43 13 49 10 48 13 
A95-686007 53 4 46 7 53 8 50 6 54 6 38 16 52 5 48 12 49 10 
A95-686008 48 8 43 13 58 3 50 6 55 3 46 13 56 2 52 4 51 4 
A95-6860I3 49 7 46 7 46 13 47 M 47 13 46 13 48 9 47 14 47 14 
A9S-686022 56 1 50 3 50 9 52 1 48 11 50 9 43 13 47 14 49 10 
A95-686023 46 11 50 3 56 6 50 6 55 3 55 3 54 4 55 1 53 I 
A95-<i86()26 44 15 46 7 65 1 52 1 54 6 50 9 44 11 49 10 50 6 
A95-686027 53 4 46 7 49 10 49 10 52 8 53 6 50 7 52 4 50 6 
A95-686035 51 6 45 12 46 13 47 11 46 16 52 7 58 1 52 4 50 6 
1A20()5 48 8 43 13 45 15 45 14 52 10 50 9 44 II 48 12 47 14 
IA2023 45 13 47 5 42 16 44 16 47 13 45 15 40 16 44 16 44 16 
IA2024 47 10 46 7 59 2 50 6 55 3 51 8 45 10 50 8 50 6 
1A3007 55 2 51 2 47 12 51 4 52 8 54 5 52 5 53 3 52 2 
IA4001 55 2 42 15 57 4 51 4 48 11 48 12 56 2 50 8 51 4 
Mean 49 46 52 49 51 50 48 50 49 
SE 6t 4T 7t n 4t 6t 7t 3t 2§ 
LSDoosl 19tt 13tt 22tt 9tt 13tt 18tt 20tt 8tt fitt 
LSDoni^ 26tt 18tt 30tt 12tt I8tt 25tt 28tt ntt 7tt 
t Standard error of an entry mean based on the mean square for error. 
I Standard error of an entry mean based on the mean square for the genotype x location interaction. 
§ Standard error of an entry mean based on the mean square for the genotype x environment interaction. 
X i f  Least significant difference for comparison of entry means at the 0.05 and 0.01 probability levels, respectively, 
ft Differences among genotypes were not significant based on an F test. 
Table B6.16. Mean protein + oil of 16 genotypes grown at three Iowa locations in 1995 and 1996. 
1995 1996 Grand 
Genotype Ames Fairfield Stuart Mean Ames Fairfield Stuart Mean Mean 
g k g '  rank g k g '  rank g k g '  rank g k g '  rank gkg" rank g k g '  rank gkg"' rank g k g '  rank g k g '  rank 
A95-686001 593 14 570 12 552 10 571 12 590 11 571 14 555 16 572 15 572 14 
A9S-686004 610 5 577 7 553 8 580 7 601 7 594 4 589 6 594 6 587 6 
A9S-686006 609 6 575 8 557 6 580 7 600 8 576 11 574 10 583 11 582 8 
A9S-686007 594 13 570 12 551 11 572 11 587 14 583 8 582 7 584 9 578 10 
A9S-686008 603 9 568 14 555 7 575 9 590 11 570 15 576 9 578 12 577 11 
A95-686013 617 4 581 4 553 8 583 5 605 6 591 6 595 4 597 4 590 4 
A95-686022 591 15 561 16 523 16 558 16 582 15 573 13 574 10 576 14 567 16 
A95-686023 599 11 573 9 540 15 571 12 590 11 576 11 568 12 578 12 574 13 
A95-686026 603 9 579 6 560 5 581 6 593 10 585 7 580 8 586 7 583 7 
A95-686027 595 12 572 10 541 14 569 14 611 4 578 10 567 13 585 8 577 11 
A95-686035 609 6 580 5 563 4 584 4 610 5 582 9 592 5 595 5 589 5 
1A200S 645 1 622 2 606 1 624 1 635 2 628 1 626 1 630 1 627 1 
IA2023 641 2 623 1 602 2 622 2 638 1 599 3 620 2 619 2 620 2 
1A2024 637 3 599 3 584 3 606 3 628 3 612 2 600 3 613 3 610 3 
1A3007 606 8 571 11 547 13 574 10 596 9 594 4 562 14 584 9 579 9 
1A4001 590 16 568 14 548 12 568 15 582 15 566 16 560 15 569 16 569 15 
Mean 609 580 558 582 602 586 582 590 586 
SE 3t 2t 4t n 7t 6t 4t n 3§ 
LSDo.osl 8 6 13 9 20 17 13 13 8 
LSDqoi^ 11 8 18 12 28 24 17 18 11 
t Standard error of an entry mean based on the mean square for error. 
X Standard error of an entry mean based on the mean square for the genotype x location interaction. 
§ Standard error of an entry mean based on the mean square for the genotype x environment interaction. 
X ^ Least significant difference for comparison of entry means at the 0.05 and 0.01 probability levels, respectively. 
Table B6.17. Mean protein + oil + fiber of 16 genotypes grown at three Iowa locations in 199S and 1996. 
1995 1996 Grand 
Genotype Ames Fairfield Stuart Mean Ames Fairfield Stuart Mean Mean 
g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g kg'' rank 
A9S-686001 639 16 610 15 600 11 616 15 646 11 628 12 604 16 626 14 621 14 
A9S-686004 654 7 634 4 609 7 632 5 659 5 649 3 630 8 646 5 639 4 
A9S-686006 650 9 622 9 611 6 627 8 647 8 631 9 617 II 632 10 629 8 
A95-686007 647 11 615 12 604 10 622 11 640 14 621 14 633 6 631 12 627 10 
A9S-686008 651 8 611 13 613 5 625 9 644 13 616 15 631 7 630 13 627 10 
A95-686013 665 4 627 5 599 12 630 7 652 7 637 6 643 5 644 6 637 5 
A9S-686022 646 13 611 13 573 16 610 16 630 15 623 13 616 13 623 15 616 16 
A95-686023 645 14 623 8 596 13 621 12 645 12 631 9 622 10 632 10 627 10 
A9S-686026 648 10 625 6 625 4 633 4 647 8 634 7 623 9 635 9 634 6 
A95-686027 647 11 618 II 590 15 618 14 662 4 631 9 617 n 637 7 627 10 
A9S-68603S 661 5 625 6 609 7 631 6 656 6 634 7 650 3 647 4 639 4 
1A2005 692 1 665 2 651 1 669 1 687 1 677 1 67(» 1 678 1 673 1 
1A2023 685 2 670 1 643 2 666 2 685 2 644 5 659 2 662 3 664 2 
1A2024 684 3 644 3 642 3 656 3 684 3 663 2 645 4 664 2 660 3 
IA3007 660 6 621 10 595 14 625 9 647 8 648 4 614 15 636 8 631 7 
1A4001 644 15 610 15 605 9 620 13 629 16 613 16 616 13 619 16 619 15 
Mean 657 627 610 631 654 636 630 640 636 
SE 8T 5t 9t n 9t 6t 7t n 3§ 
LSDoosH 23 15 27 13 26 19 22 15 9 
LSDqo)^ 31 20 38 18 36 26 31 20 13 
t Standard error of an entry mean based on the mean square for error. 
X Standard error of an entry mean based on the mean square for the genotype x location interaction. 
§ Standard error of an entry mean based on the mean square for the genotype x environment interaction. 
X ^ Least significant difference for comparison of entr>' means at the 0.05 and 0.01 probability levels, respectively. 
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Table B7.1. Two-year mean water absorption of 16 genotypes grown at three Iowa locations 
in 1995 and 1996. 
Genotype Ames Fairfield Stuart Mean 
% rank % rank % rank % rank 
A95-68600i 244 J 242 10 243 6 243 5 
A95-686004 242 7 242 10 246 J 243 5 
A95-686006 237 13 240 14 241 II 239 14 
A95-686007 239 9 243 6 240 14 241 9 
A9S-686008 238 11 243 6 242 8 241 9 
A95-686013 239 9 241 13 244 5 241 9 
A95-686022 244 3 250 2 241 11 245 3 
A95-686023 245 2 244 5 238 15 242 8 
A95-686026 238 II 237 16 241 11 239 14 
A95-686027 244 3 247 3 242 8 244 4 
A95-686035 243 6 247 J 249 2 246 2 
IA2005 236 15 239 15 232 16 236 16 
IA2023 237 13 242 10 242 8 240 13 
IA2024 236 15 243 6 243 6 241 9 
IA3007 247 1 251 I 255 1 251 1 
IA400I 242 7 243 6 245 4 243 5 
Mean 241 243 243 242 
SE 2t 2t 4t 2? 
LSDO.O5§ 6 6 13# 7# 
LSDo.oiH 9# 9# 18# 10# 
t Standard error of an entry mean based on the mean square for the genotype x year 
interaction. 
X Standard error of an entry mean based on the Satterthwaite approximate mean square that 
was calculated from the genotype x year interaction, the genotype x location interaction, and 
the genotype x year x location interaction. 
§, t Least significant difference for comparison of entry means at the O.OS and 0.01 probability 
levels, respectively. 
# Differences among genotypes were not significant based on an F test. 
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Table B7.2. Two-year mean water loss after steaming of 16 genotypes grown at three Iowa 
locations in 199S and 1996. 
Genotype Ames Fairfield Stuart Mean 
% rank % rank % rank % rank 
A9S-686001 13 3 10 9 12 J 12 J 
A9S-686004 12 6 11 6 10 9 11 9 
A9S-686006 10 13 10 9 10 9 10 II 
A95-686007 13 3 14 I 12 J 13 2 
A9S-686008 12 6 9 15 8 16 10 II 
A95-6860I3 12 6 11 6 12 J 12 J 
A95-686022 12 6 13 3 10 9 12 3 
A95-686023 14 1 10 9 9 14 11 9 
A95-686026 9 15 8 16 10 9 9 15 
A95-686027 13 3 11 6 II 7 12 3 
A95-686035 12 6 13 3 12 J 12 J 
IA2005 10 13 10 9 9 15 9 15 
IA2023 II 11 10 9 10 9 10 II 
IA2024 9 15 10 9 11 7 10 11 
IA3007 14 1 14 1 13 1 14 I 
IA400I 11 11 13 3 13 I 12 J 
Mean 12 11 11 II 
SE It It It n 
LSDO,O3§ 3# 4# 4# 3# 
LSDo.oit 4# 5# 5# 4# 
t Standard error of an entry mean based on the mean square for the genotype x year 
interaction. 
{ Standard error of an entry mean based on the Satterthwaite approximate mean square that 
was calculated from the genotype x year interaction, the genotype x location interaction, and 
the genotype x year x location interaction. 
§, f Least significant difference for comparison of entry means at the 0.03 and 0.01 probability 
levels, respectively. 
# Differences among genotypes were not significant based on an F test. 
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Table B7.3. Two-year mean steamed soybean hardness of 16 genotypes grown at three Iowa 
locations in 1995 and 1996. 
Genotype Ames Fairfield Stuart Mean 
g rank g rank g rank O rank 
A95-686001 99 10 95 11 100 5 98 8 
A95-686004 99 10 88 15 71 16 86 16 
A9S-686006 98 14 87 16 94 10 93 14 
A95-686007 100 9 97 7 98 6 98 8 
A9S-686008 112 3 107 5 112 I 110 3 
A95-686013 105 6 no 4 94 10 103 5 
A95-686022 99 10 97 7 103 J 100 6 
A95-686023 99 10 96 10 97 8 97 11 
A95-686026 109 5 99 6 87 15 98 8 
A95-686027 104 7 93 13 90 12 96 12 
A95-686035 98 14 94 12 90 12 94 13 
IA2005 110 4 113 2 108 2 110 3 
IA2023 125 1 112 3 101 4 113 1 
IA2024 123 2 117 1 97 8 112 2 
IA3007 101 8 97 7 98 6 99 7 
IA400i 98 14 91 14 90 12 93 14 
Vfean 105 99 96 100 
SE 7t 6t 5t 
LSDo,O5§ 22# 17 15 14 
LSDooit 31# 24# 20 19# 
t Standard error of an entry mean based on the mean square for the genotype x year 
interaction. 
Standard error of an entry mean based on the Satterthwaite approximate mean square that 
was calculated from the genotype x year interaction, the genotype x location interaction, and 
the genotype x year x location interaction. 
§, t Least significant difference for comparison of entry means at the O.OS and 0.01 probability 
levels, respectively. 
# Differences among genotypes were not significant based on an F test. 
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Table B7.4. Two-year mean nano hardness of 16 genotypes grown at three Iowa locations in 
1995 and 1996. 
Genotype Ames Fairfield Stuart Mean 
g rank g rank g rank g rank 
A95-686001 38 15 35 10 37 7 36 13 
A95-686004 39 13 30 15 35 12 35 14 
A95-686006 43 9 35 10 33 14 37 11 
A95-686007 50 J 41 3 35 12 42 4 
A95-686008 44 8 40 6 33 14 39 8 
A95-6860I3 48 5 41 J 40 2 43 
A95-686022 43 9 35 10 37 7 38 9 
A95-686023 40 11 34 13 39 5 38 9 
A95-686026 46 6 38 8 37 7 40 7 
A95-686027 45 7 39 7 39 5 41 6 
A95-686035 39 13 37 9 36 11 37 11 
IA2005 55 2 49 2 42 1 49 2 
IA2023 57 1 56 1 40 2 51 1 
IA2024 49 4 41 3 37 7 42 4 
IA3007 31 16 29 16 40 2 33 16 
IA400I 40 12 32 14 29 16 34 15 
Mean 44 38 37 40 
SE 4t 3t 5t n 
LSDoo5§ 11 8 14# 8 
LSDooif 15# 11 19# 11 
t Standard error of an entry mean based on the mean square for the genotype x year 
interaction. 
X Standard error of an entry mean based on the Satterthwaite approximate mean square that 
was calculated from the genotype x year interaction, the genotype x location interaction, and 
the genotype x year x location interaction. 
§, t Least significant difference for comparison of entry means at the 0.05 and 0.01 probability 
levels, respectively. 
# Differences among genotypes were not significant based on an F test. 
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Table B7.5. Two-year mean steamed soybean darkness of 16 genotypes grown at three Iowa 
locations in 1995 and 1996. 
Genotype Ames Fairfield Stuart Mean 
L rank L rank L rank L rank 
A95-686001 43.4 4 43.6 2 42.4 10 43.1 4 
A95-686004 42.9 5 42.2 13 43.8 1 42.9 5 
A95-686006 41.1 13 42.1 15 41.5 14 41.6 14 
A95-686007 40.8 15 42.4 10 43.6 4 42.3 10 
A9S-686008 41.5 9 43.1 6 42.4 10 42.3 10 
A95-686013 42.7 6 422 14 43.8 1 42.9 5 
A95-686022 41.5 9 43.1 5 42.7 9 42.4 9 
A95-686023 41.3 11 42.5 8 39.9 16 41.3 15 
A95-686026 42.0 8 42.4 10 42.4 10 42.2 12 
A95-686027 42.2 7 42.4 10 42.9 8 42.5 7 
A95-686035 40.6 16 40.8 16 40.0 15 40.5 16 
1A2005 41.1 13 43.1 6 43.1 7 42.5 7 
IA2023 44.1 2 44.4 1 43.8 1 44.1 1 
IA2024 41.2 12 42.5 8 42.0 13 41.9 13 
IA3007 44.3 1 43.2 4 43.4 5 43.6 2 
IA4001 44.1 2 43.4 J 43.2 6 43.6 2 
Mean 42.2 42.7 42.6 42.5 
SE 0.7t 0.6t l.Ot 0.5+ 
LSDqo5§ 2.1 1.9# 3.0# 1.6 
LSDooilf 2.9# 2.7# 4.2# 2.3# 
t Standard error of an entry mean based on the mean square for the genotype x year 
interaction. 
Standard error of an entry mean based on the Satterthwaite approximate mean square that 
was calculated from the genotype x year interaction, the genotype x location interaction, and 
the genotype x year x location interaction. 
§, ^  Least significant difference for comparison of entry means at the O.OS and 0.01 probability 
levels, respectively. 
# Differences among genotypes were not significant based on an F test. 
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Table B7.6. Two-year mean natto darkness of 16 genotypes grown at three Iowa locations in 
1995 and 1996. 
Genotype Ames Fairfield Stuart Mean 
L rank L rank L rank L rank 
A95-686001 42.3 4 42.9 1 41.6 7 42.3 2 
A95-686004 40.7 14 42.1 4 41.0 9 41.3 7 
A95-686006 422 6 40.1 14 40.3 12 40.8 14 
A95-686007 41.4 9 39.5 15 41.6 7 40.8 14 
A95-686008 42.3 4 41.7 6 42.5 2 42.2 4 
A95-686013 40.1 16 42.3 3 41.8 5 41.4 6 
A95-686022 41.1 10 41.0 9 40.7 10 40.9 10 
A95-686023 40.4 15 40.7 11 42.3 4 41.2 9 
A95-686026 40.8 13 42.0 5 40.1 14 40.9 10 
A95-686027 41.1 10 41.0 9 41.8 5 41.3 7 
A95-686035 40.9 12 39.4 16 37.7 16 39.3 16 
IA2005 42.1 7 40.7 11 40.0 15 40.9 10 
IA2023 41.5 8 40.6 13 40.6 11 40.9 10 
IA2024 42.9 2 41.6 7 42.4 3 42.3 2 
LA3007 42.8 3 41.6 7 40.2 13 41.5 5 
[A400I 43.7 1 42.8 2 44.1 1 43.5 1 
Mean 41.6 41.2 412 41.4 
SE Lit 0.7t 0.9t 0.6$ 
LSDoos§ 3.1# 2.2# 2.6 2.0# 
LSDo.oi^ 4.3# 3.1# 3.6# 2.7# 
t Standard error of an entry mean based on the mean square for the genotype x year 
interaction. 
f Standard error of an entry mean based on the Satterthwaite approximate mean square that 
was calculated from the genotype x year interaction, the genotype x location interaction, and 
the genotype x year x location interaction. 
§, t Least significant difference for comparison of entry means at the O.OS and 0.01 probability 
levels, respectively. 
# Differences among genotypes were not significant based on an F test. 
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Table B7.7. Two-year mean total sugar content of 16 genotypes grown at three Iowa locations 
in 199S and 1996. 
Genotype Ames Fairfield Stuart Mean 
gkg rank gkg"' rank gkg"' rank a Lo* rank 
A95-686001 228 J 251 2 253 5 244 1 
A95-686004 208 14 218 14 232 13 219 13 
A95-686006 216 12 240 5 241 9 233 9 
A95-686007 224 6 237 7 250 6 237 7 
A9S-686008 228 3 247 J 257 2 244 1 
A95-686013 218 11 229 10 239 11 229 11 
A95-686022 232 I 245 4 256 4 244 1 
A9S-686023 222 8 232 8 260 1 238 5 
A95-686026 219 10 229 10 247 7 231 10 
A95-686027 224 6 238 6 241 9 234 8 
A95-686035 221 9 227 12 238 12 228 12 
IA2005 203 15 213 16 231 14 216 15 
IA2023 201 16 223 13 226 16 216 15 
IA2024 212 13 216 15 228 15 219 13 
1A3007 226 5 232 8 257 2 238 5 
iA400l 230 2 256 1 244 8 243 4 
Mean 219 233 244 232 
SE 6t 6t 6t 
LSDO.O5§ 18 19 17 11 
LSDOOIF 24# 26 23 16 
t Standard error of an entry mean based on the mean square for the genotype x year 
interaction. 
t Standard error of an entry mean based on the Satterthwaite approximate mean square that 
was calculated from the genotype x year interaction, the genotype x location interaction, and 
the genotype x year x location interaction. 
§, ^ Least significant difference for comparison of entry means at the O.OS and 0.01 probability 
levels, respectively. 
# Differences among genotypes were not significant based on an F test. 
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Table B7.8. Two-year mean free sugar content of 16 genotypes grown at three Iowa locations 
in 1995 and 1996. 
Genotype Ames Fairfield Stuart Mean 
gkg"' rank g k g '  rank gkg"' rank g kg"' rank 
A9S-686001 123 5 130 4 132 2 128 1 
A9S-686004 108 13 131 1 123 9 121 10 
A95-686006 122 8 129 5 130 3 127 t 
A95-686007 122 8 116 14 114 13 1 1 7  13 
A9S-686008 123 5 131 1 128 5 127 2 
A95-686013 127 1 129 5 120 12 125 6 
A95.686022 127 1 128 8 123 9 126 5 
A95-686023 110 12 121 12 130 J 120 12 
A9S-686026 124 4 108 16 139 1 124 7 
A95-686027 125 •> J 124 11 114 13 121 10 
A95.686035 121 10 129 5 121 11 124 7 
IA2005 93 16 113 15 l l O  16 105 16 
IA2023 105 15 119 13 126 6 116 14 
IA2024 108 13 125 9 114 13 116 14 
IA3007 118 11 125 9 126 6 123 9 
IA400I 123 5 131 1 126 6 127 -1 
Mean 117 124 124 122 
SE 6t 6t 7t 5J 
LSDo.oj§ 17 17# 22# 15# 
LSDo.oil 23# 24# 31# 20# 
t Standard error of an entry mean based on the mean square for the genotype x year 
interaction. 
t Standard error of an entry mean based on the Satterthwaite approximate mean square that 
was calculated from the genotype x year interaction, the genotype x location interaction, and 
the genotype x year x location interaction. 
§, t Least significant difference for comparison of entry means at the 0.05 and 0.01 probability 
levels, respectively. 
# Differences among genotypes were not significant based on an F test. 
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Table B7.9. Two-year mean sucrose content of 16 genotypes grown at three Iowa locations 
in 1995 and 1996. 
Genotype Ames Fairfield Stuart Mean 
g k g "  rank g k g '  rank gkg"' rank gkg"' rank 
A9S-686001 72 1 79 1 78 -> 76 1 
A95-686004 57 13 74 4 70 8 67 12 
A95-686006 68 6 72 7 72 6 71 4 
A95-686007 67 7 65 13 62 14 65 13 
A9S-686008 70 4 77 2 76 5 74 2 
A95-686013 72 1 72 7 68 12 71 4 
A95-686022 70 4 72 7 69 10 70 8 
A95-686023 62 12 73 5 78 2 71 4 
A95-686026 67 7 59 16 80 1 69 9 
A95-686027 72 1 72 7 64 13 69 9 
A95-686035 67 7 76 3 69 10 71 4 
IA2005 44 16 64 15 62 14 57 16 
IA2023 55 15 65 13 70 8 63 14 
IA2024 56 14 69 12 59 16 61 15 
IA3007 67 7 73 5 77 4 72 J 
IA4001 66 11 71 11 71 7 69 9 
Mean 65 71 70 69 
SE 4t 4t 5t 
LSDo.oj§ 12 I I #  16# 1 1 #  
LSDQ.OIK 16 15# 22# 15# 
t Standard error of an entry mean based on the mean square for the genotype x year 
interaction. 
ij; Standard error of an entry mean based on the Satterthwaite approximate mean square that 
was calculated from the genotype x year interaction, the genotype x location interaction, and 
the genotype x year x location interaction. 
§, ^  Least significant difference for comparison of entry means at the 0.05 and 0.01 probability 
levels, respectively. 
# Differences among genotypes were not significant based on an F test. 
97 
Table B7.I0. Two-year mean raffinose content of 16 genotypes grown at three Iowa locations 
in 1995 and 1996. 
Genotype Ames Fairfield Stuart Mean 
gkg"' rank g k g "  rank gkg"' rank o Iro" rank 
A9S-686001 5.9 6 5.8 7 6.7 1 6.1 5 
A95-686004 4.7 11 6.2 5 5.1 12 5.3 10 
A9S-686006 5.6 8 5.7 9 5.7 6 5.7 7 
A95-686007 6.9 1 6.5 2 6.7 1 6.7 2 
A9S-686008 4.6 14 5.3 10 5.5 9 5.2 11 
A95-686013 4.9 10 5.8 7 5.7 6 5.5 8 
A95-686022 6.1 5 5.1 12 5.0 13 5.4 9 
A95-686023 4.7 11 4.9 13 4.8 16 4.8 14 
A95-686026 5.3 9 4.3 16 5.7 6 5.1 12 
A95-686027 6.5 4 6.3 3 6.3 4 6.4 J 
A95-686035 6.8 2 7.1 1 6.6 3 6.8 1 
IA2005 4.3 16 4.5 14 4.9 14 4.5 16 
IA2023 4.5 15 4.4 15 5.2 tl 4.7 15 
IA2024 4.7 11 5.3 10 4.9 14 5.0 13 
IA3007 5.7 7 6.2 5 5.5 9 5.8 6 
1A400I 6.7 J 6.3 3 5.9 5 6.3 4 
Mean 5.5 5.6 5.6 5.6 
SE 0.4t 0.5t 0.4t 0.3t 
LSDo,O3§ 1.1 1.5 1.3# 0.9 
LSDo.oif 1.5 2.1# 1.8# 1.3 
t Standard error of an entry mean based on the mean square for the genotype x year 
interaction. 
X Standard error of an entry mean based on the Satterthwaite approximate mean square that 
was calculated from the genotype x year interaction, the genotype x location interaction, and 
the genotype x year x location interaction. 
§, ^ Least significant difference for comparison of entry means at the O.OS and 0.01 probability 
levels, respectively. 
# Differences among genotypes were not significant based on an F test. 
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Table B7.11. Two-year mean stachyose content of 16 genotypes grown at three Iowa 
locations in 1995 and 1996. 
Genotype Ames Fairfield Smart Mean 
gkg"' rank g k g '  rank gkg"' rank gkg"' rank 
A95-68600I 46 10 46 9 48 8 46 10 
A95-686004 46 10 51 J 49 5 49 5 
A9S-686006 49 5 51 3 53 2 51 1 
A95-686007 47 7 45 12 45 12 46 10 
A9S-686008 48 6 48 8 47 9 48 8 
A95-686013 50 4 52 2 46 II 49 5 
A95-686022 51 2 51 J 49 5 50 3 
A95-686023 43 16 44 16 47 9 45 13 
A9S-686026 52 1 45 12 54 1 50 3 
A95-686027 47 7 45 12 43 15 45 13 
A95-686035 46 10 46 9 45 13 46 10 
IA2005 45 13 45 12 43 15 44 16 
IA2023 45 13 50 6 51 J 48 8 
IA2024 47 7 50 6 50 4 49 5 
IA3007 45 13 46 9 44 14 45 13 
IA4001 51 2 54 1 49 5 51 I 
Mean 47 48 48 48 
SE 2t 2t 3t •)+ 
LSDO.O3§ 7# 7# 8# 5# 
LSDo.oiH 10# 10# I I #  in 
t Standard error of an entry mean based on the mean square for the genotype x year 
interaction. 
Standard error of an entry mean based on the Satterthwaite approximate mean square that 
was calculated from the genotype x year interaction, the genotype x location interaction, and 
the genotype x year x location interaction. 
§, t Least significant difference for comparison of entry means at the O.OS and 0.01 probability 
levels, respectively. 
# Differences among genotypes were not significant based on an F test. 
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Table B7.12. Two-year mean seed size of 16 genotypes grown at three Iowa locations 
in 199S and 1996. 
Genotype Ames Fairfield Stuart Mean 
mgsd"' rank mg sd"' rank mg sd"' rank mg sd"' rank 
A9S-686001 69 13 69 13 62 12 66 13 
A9S-686004 60 16 61 16 56 16 59 16 
A9S-686006 74 8 72 9 68 7 71 8 
A95-686007 79 J 75 6 72 5 75 4 
A95-686008 72 11 72 9 70 6 71 8 
A95-686013 82 2 78 2 77 2 79 2 
A95-686022 77 5 76 3 67 8 73 6 
A95-686023 76 7 76 J 75 3 76 3 
A95-686026 65 14 66 14 62 12 64 14 
A95-686027 65 14 65 15 62 12 64 14 
A95.686035 78 4 76 3 73 4 75 4 
IA2005 86 I 84 1 85 1 85 1 
IA2023 74 8 74 7 65 11 71 8 
IA2024 73 10 71 12 66 10 70 11 
IA3007 77 5 73 8 67 8 72 7 
IA4001 72 11 72 9 61 15 68 12 
Mean 73 72 68 71 
SE 3t 2t 3t IJ 
LSDo.O5§ 9 7 8 5 
LSDo.oiK 12 10 11 8 
t Standard error of an entry mean based on the mean square for the genotype x year 
interaction. 
t Standard error of an entry mean based on the Satterthwaite approximate mean square that 
was calculated from the genotype x year interaction, the genotype x location interaction, and 
the genotype x year x location interaction. 
§, t Least significant difference for comparison of entry means at the O.OS and 0.01 probability 
levels, respectively. 
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Table B7.13. Two-year mean protein content of 16 genotypes grown at three Iowa locations 
in 1995 and 1996. 
Genotype Ames Fairfield Stuart Mean 
g k g '  rank g k g "  rank g k g "  rank g k g '  rank 
A95-686001 399 11 377 12 358 13 378 13 
A9S-686004 419 5 396 4 381 5 398 4 
A9S-686006 407 8 376 14 362 10 381 9 
A95.686007 395 14 379 9 366 8 380 11 
A9S-686008 391 15 358 16 354 15 368 15 
A95-686013 408 7 383 8 369 7 387 7 
A95-686022 397 13 377 12 359 11 378 13 
A95-686023 399 11 379 9 366 8 381 9 
A95-686026 410 6 390 6 373 6 391 6 
A95-686027 406 9 379 9 355 14 380 11 
A95-686035 423 4 388 7 384 4 398 4 
IA2005 455 2 436 1 424 2 438 2 
IA2023 466 1 433 2 439 1 446 1 
IA2024 455 2 424 J 403 J 427 J 
IA3007 406 9 391 5 359 11 385 8 
IA4001 384 16 363 15 353 16 367 16 
Mean 414 389 375 393 
SE 3t 7t 7t 4J 
LSDo,O5§ 10 20 2! 13 
LSDo.oil 14 28 30 18 
t Standard error of an entry mean based on the mean square for the genotype x year 
interaction. 
t Standard error of an entry mean based on the Satterthwaite approximate mean square that 
was calculated from the genotype x year interaction, the genotype x location interaction, and 
the genotype x year x location interaction. 
§, f Least significant difference for comparison of entry means at the O.OS and 0.01 probability 
levels, respectively. 
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Table B7.14. Two-year mean oil content of 16 genotypes grown at three Iowa locations in 
1995 and 1996. 
Genotype Ames Fairfield Stuart Mean 
gkg"' rank gkg" rank g k g '  rank gkg"' rank 
A9S-686001 192 9 194 8 196 8 194 7 
A95-686004 187 12 189 14 190 12 188 14 
A9S-686006 198 4 200 4 204 '% J 200 4 
A95-686007 195 6 198 5 200 5 198 5 
A95-686008 205 1 211 1 211 1 209 1 
A95-6860I3 203 2 203 J 205 2 203 
A95-686022 189 10 190 12 189 13 189 12 
A95-686023 195 6 196 6 188 14 193 9 
A95-686026 188 11 192 10 197 7 192 10 
A95-686027 197 5 196 6 199 6 197 6 
A95-686035 187 12 194 8 194 10 191 11 
IA2005 184 14 190 12 192 II 189 12 
IA2023 173 16 178 16 172 16 175 16 
IA2024 178 15 182 15 188 14 183 15 
IA3007 194 8 192 10 196 8 194 7 
1A400I 202 3 204 2 201 4 202 J 
Mean 192 194 195 194 
SE 3t 2t 3t 
LSDo.O3§ 9 1 9 7 
LSDo.oiH 12 10 13 9 
t Standard error of an entry mean based on the mean square for the genotype x year 
interaction. 
X Standard error of an entry mean based on the Satterthwaite approximate mean square that 
was calculated from the genotype x year interaction, the genotype x location interaction, and 
the genotype x year x location interaction. 
§, f Least significant difference for comparison of entry means at the O.OS and 0.01 probability 
levels, respectively. 
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Table B7.I5. Two-year mean fiber content of 16 genotypes grown at three Iowa locations in 
1995 and 1996. 
Genotype Ames Fairfield Smart Mean 
gkg*' rank g k g '  rank g k g '  rank gkg"' rank 
A95-686001 51 5 48 7 49 10 49 10 
A95-686004 51 5 56 1 49 10 52 -) 
A9S-686006 44 16 51 4 49 10 48 13 
A95-686007 53 1 42 16 52 5 49 10 
A9S-686008 51 5 44 15 57 1 51 4 
A95-6860I3 48 14 46 11 47 13 47 14 
A95-686022 52 3 50 5 46 14 49 10 
A95-686023 51 5 52 2 55 3 53 1 
A95-686026 49 12 48 7 55 J 50 6 
A95-686027 52 J 50 5 50 8 50 6 
A95-686035 49 12 48 7 52 5 50 6 
IA2005 50 11 46 11 44 15 47 14 
IA2023 46 15 46 11 4! 16 44 16 
IA2024 51 5 48 7 52 5 50 6 
IA3007 53 1 52 2 50 8 52 2 
IA4001 51 5 45 14 57 1 51 4 
Mean 50 48 50 49 
SE 3t 3t 4t 2t 
LSDo.O5§ m 8# 13# in 
LSDo.oiH 14# 11# 17# 13# 
t Standard error of an entry mean based on the mean square for the genotype x year 
interaction. 
t Standard error of an entry mean based on the Satterthwaite approximate mean square that 
was calculated from the genotype x year interaction, the genotype x location interaction, and 
the genotype x year x location interaction. 
§, H Least significant difference for comparison of entry means at the 0.05 and 0.01 probability 
levels, respectively. 
# Differences among genotypes were not significant based on an F test. 
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Table B7.I6. Two-year mean of the sum of protein and oil of 16 genotypes grown at three 
Iowa locations in 1995 and 1996. 
Genotype Ames Fairfield Smart Mean 
g k g '  rank g k g '  rank gkg"' ' rank g k g '  rank 
A9S-686001 591 13 570 13 553 15 572 14 
A95-686004 605 6 585 5 571 6 587 6 
A95-686006 605 6 576 9 565 9 582 8 
A95-686007 591 13 576 9 566 8 578 10 
A9S-686008 596 11 569 14 565 9 577 11 
A95-6860(3 611 4 586 4 574 5 590 4 
A95-686022 586 15 567 15 548 16 567 16 
A95-686023 594 12 575 11 554 11 574 13 
A95-686026 598 10 582 6 570 7 583 7 
A95-686027 603 8 575 II 554 11 577 11 
A95-686035 610 5 581 8 577 4 589 5 
IA2005 640 1 625 I 616 1 627 1 
IA2023 639 2 611 2 611 2 620 2 
IA2024 633 J 605 3 592 J 610 3 
IA3007 601 9 582 6 554 11 579 9 
IA4001 586 15 567 15 554 11 569 15 
Mean 605 583 570 586 
SE 3t 5t 6t 3: 
LSDo.O5§ 10 16 18 10 
LSDo.oiH 15 22 25 14 
t Standard error of an entry mean based on the mean square for the genotype x year 
interaction. 
X Standard error of an entry mean based on the Satterthwaite approximate mean square that 
was calculated from the genotype x year interaction, the genotype x location interaction, and 
the genotype x year x location interaction. 
§, t Least significant difference for comparison of entry means at the 0.05 and 0.01 probability 
levels, respectively. 
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Table B7.I7. Two-year mean of the sum of protein, oil, and fiber of 16 genotypes grown at 
three Iowa locations in 1995 and 1996. 
Genotype Ames Fairfield Stuart Mean 
g k g '  rank gkg'' rank gkg"' rank gkg"' rank 
A95-686001 642 14 619 12 602 15 621 14 
A9S-686004 657 6 641 4 619 8 639 4 
A9S-686006 649 9 626 10 614 10 629 9 
A95-686007 644 13 618 13 619 8 627 10 
A9S-686008 647 10 613 15 622 6 627 10 
A95-686013 658 4 632 6 621 7 637 6 
A95-686022 638 15 617 14 594 16 616 16 
A95-686023 645 12 627 9 609 12 627 10 
A93-686026 647 10 629 7 624 5 634 7 
A95-686027 654 7 f24 n 604 13 627 10 
A95-686035 658 4 629 7 629 4 639 4 
IA2005 689 1 671 1 660 I 673 1 
IA2023 685 2 657 2 651 2 664 2 
IA2024 684 3 653 3 643 J 660 J 
IA3007 654 7 635 5 604 13 631 8 
IA4001 637 16 612 16 610 11 619 15 
Mean 655 631 620 636 
SE 4t 6t 7t 3J 
LSDoos§ 13 17 22 7 
LSDo.oil 17 23 30 9 
t Standard error of an entry mean based on the mean square for the genotype x year 
interaction. 
{ Standard error of an entry mean based on the Satterthwaite approximate mean square that 
was calculated from the genotype x year interaction, the genotype x location interaction, and 
the genotype x year x location interaction. 
§, t Least significant difference for comparison of entry means at the O.OS and 0.01 probability 
levels, respectively. 
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APPENDIX C 
DATA FOR CHAPTER 4 
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Table C1. Form of the analysis of variance for an individual location. 
Sources of variation Dft* Mean squares Expected mean squares 
Replications M Mj (T^ + ga'R 
Genotypes g-1 M2 o\ + i6g 
Error (r-lXg-O Mi cs\ 
t r = no. of replications and g = no. of genotypes. 
Table CI. I. Mean squares for the analysis of variance for seed traits of 23 cultivars grown at Ames, IA in 1998. 
Sources of variation Df Total sugar Protein (P) Oil (O) Fiber (F) P + O P + O + F Seed size 
Replications 2 3160.1** 9.1 93.4** 18.3** 40.8 127.2 1265.2** 
Genotypes 22 754.8** 988.9** 599.8** 15.9** 310.1** 297.3** 10285.9** 
Error 44 164.1 40.1 14.9 40.0 33.0 43.0 100.9 
CV (%) 6.5 1.4 1.8 1.7 0.9 0.9 4.9 
** Significant at the 0.01 probability level. 
Table C1.2. Mean squares for the analysis of variance for seed trails of 23 cultivars grown at Fairfield, 1A in 1998. 
Sources of variation Df Total sugar Protein (P) Oil (O) Fiber (F) P + O P + O + F Seed size 
Replications 2 4I89.0** 66.3 35.5 4.0 18.4 32.9 424.4** 
Genotypes 22 612.6* 826.2** 636.5** 15.3** 261.2** 255.2** 10518.5** 
Error 44 314.9 82.8 18.8 2.3 52.3 63.5 47.0 
CV (%) 8.7 2.1 2.0 2.8 1.1 1.1 3.3 
** Significant at the O.OS and 0.01 probability levels, respectively. 
Table CI.3. Mean squares for the analysis of variance for seed traits of 23 cultivars grown at Grand Junction, lA in 1998. 
Sources of variation Df Total sugar Protein (P) Oil (O) Fiber (F) P + O P + O + F Seed size 
Replications 2 3964.7** 711.1** 87.1** 4.2* 288.2** 368.7** 2569.1** 
Genotypes 22 582.3** 1211.4** 896.3** 25.7** 327.7** 309.5** 9995.1** 
Error 44 131.1 lOI.O 15.3 1.0 52.4 63.1 202.6 
CV (%) 6.0 2.3 1.8 1.8 1.1 I . I  7.0 
** Significant at the 0.05 and 0.01 probability levels, respectively. 
Table C1.4. Mean squares for the analysis of variance for seed traits of 23 cultivars grown at Greene, lA in 1998, 
Sources of variation Df Total sugar Protein (P) Oil (O) Fiber (F) P + O P + O ^ F Seed size 
Replications 2 977.4** 157.7 79.5 0.4 18.4 21.2 146.8 
Genotypes 22 211.4 1179.8** 569.8** 17.5** 269.3** 325.4** 15304.9** 
Error 44 145.5 55.5 8.6** 0.9 37.6 48.6 145.0 
CV (%) 6.3 1.7 1.4 1.7 0.9 1.0 4.8 
** Significant at the 0.01 probability level. 
Table CI.S. Mean squares for the analysis of variance for seed traits of 23 cultivars grown at Griswold, IA in 1998. 
Sources of variation Df Total sugar Protein (P) Oil (O) Fiber (F) P + O P + O + F Seed size 
Replications 2 278.5 61.6 16.2 0.1 15.0 14.9 59.6 
Genotypes 22 669.4** 973.0** 768.0** 24.2** 332.1** 304.3** 7591.5** 
Error 44 175.1 35.0 8.7 1.6 24.5 31.8 44.6 
CV (%) 6.7 1.4 1.4 2.3 0.8 0.8 3.7 
** Significant at the 0.01 probability level. 
Table CI .6. Mean squares for the analysis of variance for seed traits 23 cultivars grown at Kanawha, lA in 1998. 
Sources of variation Df Total sugar Protein (P) Oil (O) Fiber (F) F + O P + O + F Seed size 
Replications 2 242.7 192.4* 29.8 1.1 67.1 82.6 158.1 
Genotypes 22 462.4* 782.5** 695.7** 22.9** 329.4** 311.2** 11491.1** 
Error 44 214.2 40.7 9.6 1.2 28.3 36.2 77.3 
CV(%) 6.9 1.4 1.5 1.9 0.8 0.8 4.1 
** Significant at the 0.05 and 0.01 probability levels, respectively. 
Table CI.7. Mean squares for the analysis of variance for seed traits of 23 cultivars grown at Sioux Rapids, lA in 1998. 
Sources of variation Df Total sugar Protein (P) Oil (O) Fiber (F) P + O P + O + F Seed size 
Replications 2 I103.7** 17.8 9.6 0.6 2.2 1.9 202.4 
Genotypes 22 458.0** 783.8** 607.7** 17.7** 187.1** 177.5** 14019.8** 
Error 44 136.6 41.5 5.6 1.0 31.6 41.7 69.4 
CV (%) 5.7 1.4 1.1 1.8 0.9 0.9 3.6 
** Significant at the 0.01 probability level. 
Table C1.8. Mean squares for the analysis of variance for seed traits of 23 cultivars grown at Winterset, 1A in 1998. 
Sources of variation Df Total sugar Protein (P) Oil (O) Fiber (F) P + O P + O + F Seed size 
Replications 2 105.8 59.4 17.1 3.0 11.5 29.5 205.9 
Genotypes 22 538.9** 1123.0** 820.2** 26.6** 223.4** 230.7** 7192.2** 
Error 44 206.6 50.0 5.4 1.0 37.2 47.3 119.7 
CV (%) 7.3 1.6 1.1 1.8 0.9 1.0 6.0 
** Significant at the 0.01 probability level. 
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Table C2. Form of the analyses of variance used in Chapter 4 for multiple locations and genotypes. 
Sources of variation Dft Mean squares Expected mean squares 
Locations e-1 Ms + gtJ"R/L + rgCT'E 
RepI ications/Locations e(r-l) M, + gCTlU. 
Genotypes g-1 Mj c'e + ra'cE + re0G 
Genotype X Locations (g-lXe-I) M. CT"e + rC'GE 
Error e(r-lXg-l) M, CT'c 
t e = no. of environments, r = no. of replications, and g = no. of genotypes. 
Table C3.1. Mean total sugar content of 23 genotypes grown at eight Iowa locations in 1998. 
Genotype Ames Fairfield Grand Junction Greene Griswold Kanawha Sioux Rapids Winterset Grand Mean 
g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank 
HP204 191 13 210 11 185 12 191 12 202 11 215 10 216 4 198 11 201 12 
IA201I 202 7 211 9 185 12 195 10 210 7 217 9 193 19 210 6 203 10 
IA2012 218 4 223 2 197 6 199 6 211 6 211 14 219 3 212 4 211 5 
IA20I7 204 6 217 5 211 3 201 3 204 9 215 10 198 16 211 5 208 7 
IA20I9 222 3 223 2 202 S 187 18 221 3 213 12 210 9 208 7 211 5 
IA2020 173 23 186 21 193 8 188 14 185 19 224 6 195 17 198 11 193 14 
IA202I 225 2 218 4 222 1 199 6 210 7 224 6 232 1 223 1 219 1 
IA2()23 211 5 217 5 204 4 200 4 204 9 234 2 210 9 214 3 212 4 
iA2024 199 8 213 7 220 2 208 1 217 4 225 3 223 2 219 2 215 3 
IA2025 187 IS 194 IS 181 18 2(M) 4 182 21 203 18 203 14 180 20 191 15 
IA2027 179 21 192 17 174 22 186 19 177 23 211 14 . 213 6 197 13 191 15 
IA2028 184 18 197 14 184 15 188 14 188 18 211 14 190 21 187 17 191 15 
IA2029 177 22 182 22 175 21 180 21 197 14 199 20 179 23 182 19 184 23 
IA203() 183 19 193 16 177 20 190 13 196 15 206 17 204 13 179 22 191 IS 
IA2032 187 IS 190 19 183 16 178 23 184 20 192 23 205 12 2(M) 10 190 19 
IA2033 187 IS 178 23 185 12 183 20 195 17 197 21 193 19 178 23 187 21 
IA2034 192 12 200 13 178 19 198 8 202 II 218 8 200 15 201 9 199 13 
IA203S 230 1 211 9 197 6 198 8 230 1 239 1 214 5 207 8 216 2 
IA2040 198 10 225 I 192 9 206 2 196 15 225 3 212 8 196 14 206 8 
IA204I 182 20 192 17 182 17 188 14 180 22 194 22 190 21 180 20 186 22 
IA2042 198 10 213 7 189 10 188 14 212 5 213 12 213 6 195 15 203 10 
IA30I1 188 14 189 20 170 23 179 22 200 13 200 19 195 17 187 17 188 20 
Vinton 81 199 8 210 11 186 II 193 11 229 2 225 3 210 9 194 16 206 8 
Mean 196 204 190 192 201 214 205 198 200 
SE 7r lot 7t 7t 8t 8t 7t 8t n 
LSDoos§ 21 29 19 m 22 24 19 23 8 
LSDooiH 28 39# 25 27# 29 32# 26 32 M 
t Standard error of an entry mean based on the mean square for error. 
I Standard error of an entry mean based on the mean square for the genotype x environment interaction. 
§, ^ Least significant difference for comparison of entry means at the O.OS and 0.01 probability levels, respectively. 
# Differences among genotypes were not significant based on an F test. 
Table C3.2. Mean protein content of 23 genotypes grown at eight Iowa locations in 1998. 
Genotype Ames Fairfield Grand Junction Greene Griswold Kanawha Sioux Rapids Winlerset Grand Mean 
g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank 
HP204 436 11 422 18 420 17 436 17 424 16 445 14 448 12 442 13 434 16 
1A20II 411 22 412 20 407 21 422 21 416 21 429 21 434 20 429 21 420 21 
IA2012 425 18 411 21 416 20 430 20 418 19 425 22 433 21 433 20 424 20 
IA20I7 437 10 425 16 418 18 452 7 427 15 456 5 451 9 442 13 438 11 
IA20I9 416 21 406 23 400 22 412 23 397 22 431 20 426 22 414 22 413 22 
IA2020 442 9 432 11 430 12 437 14 431 10 450 9 445 13 440 16 438 11 
IA2021 392 23 410 22 390 23 417 22 394 23 405 23 415 23 412 23 404 23 
iA2023 470 1 464 1 469 2 486 2 472 1 472 2 486 1 483 2 475 1 
IA2024 460 3 453 3 456 3 480 3 457 2 466 4 476 2 479 3 466 3 
IA2025 445 6 441 6 440 7 451 8 444 5 448 11 453 6 454 7 447 6 
IA2027 429 14 426 14 437 8 436 15 435 9 443 16 444 14 448 10 437 14 
IA2028 419 20 424 17 430 12 439 13 418 19 436 18 440 19 439 17 431 18 
IA2029 445 6 426 14 437 8 451 8 428 13 455 6 452 8 450 9 443 9 
IA2030 429 14 427 12 424 15 436 15 429 12 445 14 441 16 438 19 434 16 
IA2032 429 14 427 12 433 10 434 19 431 10 439 17 441 16 445 12 435 15 
IA2033 435 12 441 6 429 14 443 12 439 8 446 13 444 14 446 II 440 10 
IA2034 443 8 437 8 443 6 445 11 440 7 453 8 450 10 458 6 446 7 
IA2035 467 2 463 2 475 1 490 1 457 2 477 1 476 2 494 1 475 1 
IA204U 420 19 413 19 417 19 435 18 424 16 435 19 441 16 439 17 428 19 
IA2041 451 5 449 5 448 4 458 4 444 5 455 6 459 5 459 5 453 5 
IA2042 433 13 436 10 432 11 457 5 428 13 448 11 453 6 462 4 444 8 
IA30II 455 4 452 4 446 5 456 6 447 4 467 3 467 4 452 8 455 4 
Vinton 81 428 17 437 8 421 16 449 10 424 16 450 9 450 10 442 13 438 11 
Mean 436 432 431 446 432 447 449 448 440 
SE 4t 5t 6t 4t -n 4t 4t 4t 2t 
LSDoos§ 10 15 17 12 10 10 11 12 5 
LSDooil 14 20 22 16 13 14 14 16 7 
t Standard error of an entry mean based on the mean square for error. 
I Standard error of an entr>' mean based on the mean square for the genotype x environment interaction. 
§, ^ Least significant difference for comparison of entry means at the 0.05 and 0.01 probability levels, respectively. 
Table C3.3. Mean oil content of 23 genotypes grown at eight Iowa locations in 1998. 
Genotype Ames Fairfield Grand Junction Greene Griswold Kanawha Sioux Rapids Winlerset Grand Mean 
g kg'' rank g k g  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank 
HP204 210 16 217 14 221 11 208 13 217 11 207 12 208 13 206 17 212 13 
IA2011 222 2 225 3 230 3 218 2 227 3 216 5 215 5 218 3 221 3 
IA20I2 211 13 222 8 221 11 209 12 216 14 207 12 210 11 209 12 213 12 
IA20I7 209 18 217 14 223 5 204 16 217 11 205 17 207 15 209 12 211 15 
IA2019 218 5 226 2 232 2 218 2 230 2 211 9 216 3 223 2 222 2 
IA2020 215 7 219 11 222 7 215 6 220 8 212 8 213 9 212 10 216 8 
IA202I 230 1 231 1 239 I 222 1 232 1 226 1 223 1 229 1 229 1 
IA2023 175 22 179 22 179 21 172 22 178 21 172 21 170 23 171 21 174 22 
IA2()24 181 21 183 21 176 22 179 21 177 22 172 21 173 22 171 21 177 21 
IA202S 213 12 220 10 217 16 210 II 215 16 214 6 214 7 213 8 215 10 
IA2027 220 3 223 6 223 5 218 2 226 4 219 2 218 2 218 3 221 3 
IA2()28 218 5 222 8 222 7 214 8 224 6 217 4 216 .3 214 7 218 6 
IA2029 215 7 223 6 222 7 215 6 223 7 211 9 211 10 213 8 217 7 
IA2030 214 10 219 11 218 15 212 9 218 10 211 9 210 II 211 11 214 II 
IA2032 220 3 224 5 222 7 216 5 226 4 218 3 215 5 216 5 220 5 
IA2033 214 10 218 13 224 4 211 10 219 9 213 7 214 7 216 5 216 8 
IA2034 204 20 210 20 207 20 204 16 209 20 200 20 203 19 201 20 205 20 
IA203S 174 23 179 22 170 23 172 22 175 23 166 23 174 21 161 23 171 23 
IA2040 215 7 225 3 219 13 206 15 211 18 206 16 205 IK 207 14 212 13 
IA204I 211 13 217 14 219 13 207 14 212 17 207 12 208 n 206 17 211 15 
IA2042 210 16 216 17 217 16 203 19 217 11 207 12 207 15 204 19 210 17 
IA3UII 205 19 212 19 214 19 203 19 210 19 201 19 201 20 207 14 207 19 
Vinton 81 211 13 214 18 216 18 204 16 216 14 203 18 206 17 2(»7 14 210 17 
Mean 209 215 215 206 214 205 206 206 210 
SE 2t 3t 2t 2t 2t 2t It It 
LSDqosS 6 7 6 5 5 5 4 4 3 
LSDooiH 8 10 9 6 6 7 5 5 5 
t Standard error of an entry mean based on the mean square for error. 
} Standard error of an entry mean based on the mean square for the genotype x environment interaction. 
§, ^ Least significant difference for comparison of entry means at the 0.05 and 0.01 probability levels, respectively. 
Table C3.4. Mean fiber content of 23 genotypes grown at eight Iowa locations in 1998. 
Genotype Ames Fairfield Grand Junction Greene Griswold Kanawha Sioux Rapids Winterset Grand Mean 
g l i g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g  rank 
HP204 54 15 53 20 54 13 53 15 55 10 56 15 55 11 55 10 54 15 
IA2011 55 8 53 20 55 6 55 6 55 10 57 9 55 11 54 13 55 9 
IA2012 53 19 53 20 53 18 52 21 54 16 53 23 54 23 54 13 53 22 
1A20I7 54 15 54 9 54 13 53 15 55 10 57 9 55 11 54 13 55 9 
IA20I9 54 15 53 20 53 18 52 21 53 22 55 17 54 19 54 13 53 22 
IA2020 56 5 55 5 55 6 55 6 55 10 58 6 56 6 55 10 56 6 
iA2021 60 2 56 4 59 4 58 4 60 3 61 4 60 3 62 2 59 4 
IA2023 59 4 59 3 60 3 59 3 60 3 62 3 60 3 60 4 60 3 
IA2024 61 1 61 I 63 1 60 2 62 2 64 1 62 1 62 2 62 1 
IA202S 53 19 54 9 53 18 53 15 54 16 55 17 55 11 53 22 54 15 
IA2027 56 5 54 9 55 6 54 9 56 6 58 6 56 6 56 6 56 6 
IA2028 55 8 55 5 56 5 56 5 57 5 59 5 58 5 58 5 57 5 
IA2029 56 5 54 9 55 6 54 9 56 6 57 9 56 6 56 6 55 9 
IA2(I30 55 8 54 9 54 13 54 9 55 10 58 6 55 11 55 10 55 9 
IA2032 55 8 54 9 55 6 55 6 55 10 57 9 55 11 54 13 55 9 
IA2()33 55 8 55 5 55 6 54 9 56 6 57 9 56 6 56 6 56 6 
IA2034 55 8 54 9 55 6 54 9 56 6 57 9 55 11 56 6 55 9 
IA2035 60 2 61 1 62 2 61 1 63 1 63 2 61 2 63 1 62 1 
IA2()40 53 19 55 5 53 18 53 15 53 22 55 17 54 19 54 13 54 15 
IA204I 55 8 54 9 54 13 53 15 54 16 55 17 54 19 53 22 54 15 
1A2042 53 19 54 9 54 13 54 9 54 16 55 17 55 11 54 13 54 15 
IA30I1 53 19 54 9 53 18 52 21 54 16 55 17 54 19 54 13 54 15 
Vinton 81 54 15 54 9 53 18 53 15 54 16 56 15 56 6 54 13 54 15 
Mean 55 55 55 55 56 57 56 56 56 
SE It It It It It It It It n 
LSDoosS 2 2 2 2 2 2 2 2 1 
LSDooiH 2 3 2 2 3 2 2 2 1 
t Standard error of an entr)' mean based on the mean square for error. 
:( Standard error of an entry mean based on the mean square for the genotype x environment interaction. 
§, I Least significant difference for comparison of entry means at the 0.05 and 0.01 probabilit>' levels, respectively. 
Table C3.5. Mean sum of protein and oil contents of 23 genotypes grown at eight Iowa locations in 1998. 
Genotype Ames Fairfield Grand Junction Greene Griswold Kanawha Sioux Rapids Wintersel Grand Mean 
g k g '  rank g k g '  rank g k g '  rank g kg ' rank g l i g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank 
HP204 646 11 639 18 641 16 645 18 642 14 652 15 655 14 648 17 646 16 
IA20II 633 22 638 20 638 17 640 20 642 14 645 16 649 18 647 19 641 19 
IA2012 636 19 634 22 637 19 638 22 633 20 632 22 643 21 643 21 637 21 
IA20I7 647 9 642 15 642 14 656 9 644 13 661 6 657 9 651 14 650 11 
IA20I9 634 21 632 23 632 22 630 23 627 22 642 19 642 22 636 23 634 22 
IA2020 657 5 650 8 652 9 652 14 652 7 662 4 658 7 652 12 654 8 
IA202I 622 23 640 17 629 23 639 21 626 23 631 23 638 23 641 22 633 23 
IA2023 644 12 643 14 648 12 658 8 650 9 644 17 656 10 654 11 650 11 
IA2024 641 15 636 21 632 21 659 7 634 19 639 21 649 18 649 16 642 18 
IA202S 659 4 661 3 657 5 661 4 660 2 662 4 666 3 666 1 662 2 
IA2027 649 7 649 9 660 2 654 II 661 1 661 6 662 5 666 1 658 5 
IA2028 637 18 645 13 653 7 654 11 642 14 653 13 656 10 652 12 649 13 
IA2029 660 2 648 10 659 4 666 1 651 8 666 2 663 4 663 5 660 4 
IA2030 643 14 646 11 642 14 648 17 646 11 655 10 651 16 650 15 648 14 
IA2032 649 7 651 6 656 6 650 15 657 4 657 9 656 10 660 7 655 7 
IA2033 650 6 659 4 653 7 655 10 658 3 660 8 658 7 662 6 657 6 
IA2034 647 9 646 II 650 10 649 16 649 10 653 13 654 15 660 7 651 10 
1A2035 641 15 642 15 645 13 662 3 632 21 644 17 650 17 655 10 646 16 
IA2040 636 19 639 18 636 20 641 19 635 18 642 19 647 20 646 20 640 20 
1A204I 663 1 665 1 667 1 666 1 656 6 663 3 667 2 665 4 664 1 
IA2042 644 12 652 5 649 11 660 5 646 11 655 10 660 6 665 3 654 8 
1A301I 660 2 664 2 660 2 660 5 657 4 668 1 668 \ 659 9 662 2 
Vinton 81 639 17 651 6 638 17 653 13 640 17 654 12 655 13 648 17 647 15 
Mean 645 647 647 652 645 652 655 654 650 
SE 3t 4t 4t 4t 3t 3t 3t 4t 2t 
LSDoos§ 9 12 12 10 8 9 9 10 4 
LSDoojH 13 16 16 14 11 12 12 13 6 
t Standard error of an entry mean based on the mean square for error. 
I Standard error of an entry mean based on the mean square for the genotype x environment interaction. 
§, ^ Least significant difference for comparison of entr>' means at the O.OS and 0.01 probability levels, respecti vul>'. 
Table C3.6. Mean sum of protein, oil, and fiber contents of 23 genot}'pes grown at eight Iowa locations in 1998. 
Genotype Ames Fairfield Grand Junction Greene Griswold Kanawha Sioux Rapids Winterset Grand Mean 
g k g  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank g k g '  rank 
HP204 701 11 692 20 695 16 697 18 697 16 709 14 711 13 703 17 701 18 
IA2011 687 22 691 21 693 18 694 20 698 14 702 19 704 19 701 20 696 19 
IA20I2 689 19 687 22 690 20 691 22 688 20 685 23 697 21 697 22 690 22 
IA20I7 700 14 695 18 696 14 709 10 699 13 719 5 712 11 705 15 704 14 
IA20I9 688 21 684 23 685 23 681 23 680 23 697 20 696 23 690 23 688 23 
IA2020 713 3 705 5 707 10 707 13 707 8 720 3 714 7 707 14 710 7 
IA2021 681 23 697 16 688 22 697 18 686 22 691 22 697 21 703 17 693 21 
IA2023 703 9 702 11 708 8 717 5 710 6 706 17 716 6 714 10 709 9 
IA2()24 701 11 697 16 696 14 718 4 697 16 7(»3 18 711 13 712 12 704 14 
IA202S 712 5 714 4 710 6 714 6 714 3 718 6 722 1 719 4 715 3 
IA2027 705 6 704 9 715 2 708 12 717 1 720 3 719 4 722 1 714 5 
IA2028 693 17 700 13 709 7 710 9 698 14 712 11 714 7 710 13 706 12 
IA2029 716 2 702 11 714 3 719 2 707 8 724 1 719 4 720 2 715 3 
IA203() 698 15 7«M) 13 695 16 703 16 701 11 713 10 707 18 704 16 703 16 
iA2032 704 8 705 5 711 5 705 15 713 4 714 9 711 13 715 9 710 7 
1A2033 705 6 715 3 708 8 709 10 715 2 718 6 714 7 718 5 713 6 
IA2034 702 10 700 13 705 12 703 16 705 10 711 12 709 17 716 8 706 12 
IA2035 701 11 703 10 707 10 723 1 696 18 707 16 711 13 718 5 708 10 
IA2040 689 19 693 19 689 21 694 20 688 20 697 20 700 20 700 21 694 20 
IA204I 718 1 719 1 721 1 719 2 710 6 717 8 721 2 718 5 718 1 
IA2042 696 16 705 5 703 13 713 7 700 12 710 13 714 7 720 2 708 10 
iA30ll 713 3 718 2 713 4 711 8 711 5 723 2 721 2 714 10 716 2 
Vinton 81 693 17 705 5 691 19 706 14 695 19 709 14 712 11 702 19 702 17 
Mean 700 701 702 707 701 710 711 710 705 
SE 4t 5t 5t 4t 3t 3t 4t 4t 2t 
LSDoo5§ 11 13 13 II 9 10 n II 5 
LSDqoiH 14 18 18 15 12 13 14 15 6 
t Standard error of an entry mean based on the mean square for error. 
I Standard error of an entr)' mean based on the mean square for the genotype x environment interaction. 
§, 1 Least significant difference for comparison of entry means at the 0.05 and 0.01 probability levels, respectively. 
Table C3.7. Mean seed size of 23 genotypes grown at eight Iowa locations in 1998. 
Genotype Ames Fairfield Grand Junction Greene Griswold Kanawha Sioux Rapids Winterset Grand Mean 
m g  s d '  rank m g  s d '  rank mg sd ' rank mg sd ' rank ing sd' rank mg sd ' rank mg sd ' rank mg sd ' rank mg sd ' rank 
HP204 212 15 211 15 201 16 266 14 191 13 230 8 239 14 184 15 217 14 
IA20n 186 19 204 18 189 19 233 19 180 17 208 19 219 19 170 19 199 19 
1A2012 270 3 268 3 257 2 329 2 239 2 291 2 309 2 225 3 273 2 
IA2017 213 14 206 17 212 13 263 16 188 16 215 17 247 12 180 18 215 16 
IA2019 279 2 280 2 255 3 323 3 225 3 274 3 290 3 241 1 271 3 
IA2020 241 4 242 4 239 4 286 6 221 4 238 6 264 6 221 4 244 4 
IA202I 159 20 172 20 171 20 209 20 147 20 189 20 199 20 149 20 174 20 
IA2023 76 21 77 21 76 21 92 22 75 21 81 21 83 21 76 21 79 21 
IA2024 72 23 73 23 66 23 86 23 68 23 73 23 77 22 67 22 73 23 
IA202S 238 5 233 7 238 5 296 4 199 9 222 11 248 10 220 5 237 6 
IA2027 223 11 241 5 231 6 274 11 201 8 222 11 248 10 212 6 231 7 
IA2028 219 12 216 13 228 8 283 7 195 10 228 9 244 13 191 11 225 12 
iA2029 209 16 216 13 204 15 28.1 7 180 17 218 15 236 15 181 17 216 15 
IA2030 225 8 221 11 231 6 270 13 194 12 220 13 236 15 190 12 223 13 
IA2032 235 6 241 5 217 11 296 4 212 5 245 4 277 4 210 7 242 5 
IA2033 225 8 233 7 226 9 280 9 195 10 228 9 261 7 193 10 230 8 
iA2034 2(M) 17 211 15 208 14 247 17 190 14 216 16 226 IK 189 13 211 17 
IA2035 73 22 74 22 71 22 99 21 68 22 74 22 74 23 67 23 75 22 
IA204() 280 1 298 1 291 1 362 1 264 1 329 ! 351 1 237 2 301 1 
iA204l 191 18 200 19 196 18 239 18 176 19 212 18 234 17 182 16 204 18 
IA2042 216 13 229 9 201 16 278 10 206 6 234 7 265 5 207 8 230 8 
IA30I1 225 8 218 12 226 10 264 15 204 7 220 13 255 8 195 9 226 11 
Vinton 81 228 7 229 9 217 11 272 12 190 14 242 5 255 8 185 14 227 10 
Mean 204 208 202 253 183 213 232 181 210 
SE 6t 4t 8t 7t 4t 5t 5t 6t 4t 
LSDoos§ 17 11 23 20 11 14 14 18 11 
LSDooil 22 15 31 27 15 19 18 24 15 
t Standard error of an entry mean based on the mean square for error. 
X Standard error of an entry mean based on the mean square for the genotype x environment interaction. 
§, ^ Least significant difference for comparison of entry means at the 0.05 and 0.01 probability levels, respectively. 
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